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FOREWORD

This report was prepared by the Grumman Aircraft Engineering

Corporation, Bethpage, New York, under Contract NAS 1-5040 entitled,

"A Research Study for the Development of a Digital Method of Analy-

sis of Supersonic Transport Aircraft Structures in the Plastic

Range." The work was performed by the Research Department of

Grumman Aircraft Engineering Corporation, with support from the

Structural Mechanics Section of the Engineering Department.

The authors gratefully acknowledge the valuable contributions

made by Mr. Paul Hornack and Miss Eloise Turner in thepreparation

of the computer programs. They would also like to thank Mr. Francis

J. Nolan for much helpful advice on computing problems, for the

preparation of a special eigenvalue subroutine, and the sections

entitled, Solution of the Eigenvalue Problem Det ([A] - _[B]) = 0,

and Discussion of Determinant Calculation.
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COMPUTER PROGRAMS FOR THE PLASTIC ANALYSIS OF

STRUCTURES USING DISCRETE ELEMENT METHODS

by

H. Armen, Jr. and A. Pifko

ABSTRACT

This report is a users document for two computer programs

which were developed in a study reported in NASA CR-803 to extend

finite element methods to calculate failure loads of aeronautical

structures. The two programs deal with inelastic stress analysis

of finite element structures in the presence of load cycling and

the calculation of bifurcation type plastic buckling loads of

rectangular plates. The stress analysis program takes into

account the Bauschinger effect for biaxial stress states using

a plasticity theory based on Ziegler's modification to Prager's

kinematic hardening theory. The buckling program extends finite

element methods to plastic buckling using Stowell's formulation

for implementing a deformation plasticity theory into the buck-

ling theory. The theoretical studies carried out in the develop-

ment of these two programs as well as some research results ob-

tained with the programs are given in NASA CR-803.
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INTRODUCT ION

This report discusses and documents the computer programs
t

written to implement the discrete element methods developed for the

plastic analysis of complex structures in CR-803. The methods in

CR-803 fall into two categories: those applicable to stable struc-

tures and useful in the prediction of failure associated with ex-

cessive plastic straining, and those applicable to the determination

of buckling loads.

In the methods of the former category2 particular attention is

given to the case of intermittently applied loads causing successive

excursions into the plastic range, including reversals of stress

into the plastic range. In order to accommodate this case and to

take the Bauschinger effect into account, the plasticity theory

selected for use is the kinematic hardening theory of Prager, as

modified by Ziegler.

The methods in this category are based on the application of

two matrix relations coming out of a linear elastic analysis of

the structure and involving the concept of initial strain. The

effect of plasticity is introduced by interpreting plastic strains

as initial strains.

The problem of plastic buckling is treated as a bifurcation

phenomenon, with attention concentrated on flat rectangular plates.

A previously developed discrete-element method for elastic buck-

ling analysis is extended to take into account the effect of plas-

tic deformation. It is based on the matrix displacement method of

structural analysis used in conjunction with a deformation theory

of plasticity.
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The present report is separated into two parts. The first

part is a discussion of the programs associated with the methods

developed in CR-803 for the analysis of complex, stable structures

subjected to loads causing biaxial membrane stress and stress re-

versal into the plastic range. The second part of the report

discusses the programs written to implement the methods developed

for the plastic buckling analysis of initially flat rectangular

panels.

All the programs were written in FORTRAN IV to run on the

IBM 7094-11. These are two-channel (A and B) machines with 8 tape

drives on each channel; 32,768 words of core storage; on-line card

reader; on-line printer and printer clock. The programs are set to

run under FORTRAN SIBSYS control which uses an SJ_B card for identi-

fication. Input is on logical tape 5 (A-2), print-out on logical

tape 6 (B-l), and punched output on logical tape 7 (B-2), which is

not used by these programs.

CYCLIC PLASTIC ANALYSIS COMPUTER PROGRAMS

Program Description

Incremental methods for the analysis of structures subjected

to intermittent loads causing biaxial membrane stress and stress

reversal into the plastic range are presented in Section 3 of

CR-803. The methods employ the linear matrix equation associated

with discrete-element analysis of elastic structures in conjunction

with incremental constitutive relations from the plasticity theory.

The governing incremental linear matrix equation, which includes

the effects of initial strain, can be written for the increments

of stress or increments of total strain in the elements. The use

of the former type of equation leads to the so-called Stress Method,

and the latter type of equation leads to the Strain Method. A

2
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solution to the linear matrix equation, expressed in terms of either

increments of stress or increments of total strain, may be obtained

by utilizing one of two alternative procedures. The first procedure

uses estimated values of plastic strain increment based on values

computed in the preceding step; such a procedure may be termed a

predictor procedure. A second procedure, termed the stepwise lin-

earization procedure, incorporates the linear incremental plastic

strain-stress relation directly into the linear matrix equation,

thus avoiding the use of estimated values of plastic strain incre-

ment.

Computer programs using these two solution procedures have

been developed and are identified by the following symbolic names:

STRESS - Stress method, stepwise linearization procedure

STREPP - Stress method, predictor procedure

STRAIN - Strain method, stepwise linearization procedure

STRAPP - Strain method, predictor procedure.

In all of the programs listed above:

Loading conditions are restricted to those which cause states

of plane stress.

Cycling can only be specified by a load range, the amplitude

of which can vary.

Any number of load cycles can be considered. A capability is

provided to allow computations to be stopped at some inter-

mediate (predetermined) point in a loading sequence and be

subsequently continued.

Materials exhibiting elastic-plastic behavior involving ideal

plasticity_ linear or nonlinear strain hardening, or limited

strain hardening can be treated.



Input and output formats are identical for all the programs.

Input formats have been prepared so as to minimize the manipulation

of data necessary to treat various structures.

The program will accept a binary input data tape on logical

tape ii (B-6), and will write a binary save tape to be used for a

continuation run on logical tape i0 (B-5).

Instructions for Preparing Data Tape

The programs require two influence coefficient matrices, asso-

ciated with the governing linear matrix equation, to be read from

a binary input data tape. In the Stress Method, the first of these

input matrices relates the element stresses in the redundant struc-

ture to initial strains; the second input matrix relates the ele-

ment stresses to the applied loading. In the Strain Method, these

matrices relate element strains to initial stresses and element

strains to the applied loading, respectively.

Due to core storage limitations, it is necessary to delete

rows and columns of the input matrices associated with regions of

the given structure which are known, on the basis of an elastic

analysis, to be subjected to low stress intensities and can be

expected to remain elastic for loadings of practical interest.

Because of the nature of the analytical methods used, explicit

consideration need not be given to the stresses and strains in the

elements of these regions. Their influence on the remainder of

the structure is implicit in the influence coefficient data which

are retained for use. Care rmast, of course, be taken, in the selec-

tion of these regions, that elements which are presumed to remain

elastic do not, in fact, become plastic in the range of loadings

applied.

q
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The initial strain (or initial stress) influence coefficient

matrix is a square array of order equal to three times the number

of elements used to represent that portion of the idealized struc-

ture treated explicitly in the analysis. Because of computer core

storage limitations, the entire square array is not initially read

into the program, lnstead, columns of this array, necessary to

perform the required computations, are read individually from the

binary data tape and stored in core. The choice and number of

columns to be read and stored at any level of load depends upon

the number of elements in the plastic range at that load. The

number of columns needed is equal to three times the number of

plastic elements. The resulting array is referred to as SlJ in

the programs.

The influence coefficients relating stress (or strain) to the

applied loading _mst be written as a column vector. The number of

rows in this vector is equal to three times the number of elements

used to represent that portion of the idealized structure Considered

explicitly in the analysis. If the structure is subjected to a

system of multiple loads_ the vector of influence coefficients asso-

ciated with each load must be added to form one column vector.

Consequently, only proportional loading can be treated in this

case. The entire column vector is read into the program, and is

referred to as SIM.

The input tape which contains these influence coefficient

matrices must be generated in FORTRAN IV and all data must be con-

tained in one file. The record size is equal to three times the

number of elements considered in the idealized structure. The

initial strain (or initial stress) array is written column-sort on

the tape first, each column constituting a FORTRAN record. A

dummy record in which the first word is iiiiiiiiiiii is used to

5



separate the two input matrices. The SIM column vector follows

the dummy record and an END OF FILE is used to signify the end of

input data on the tape.

Preparation of Data Cards

The data cards are read in the following sequence and appear

immediately after a SDATA card.

The first data card is used as an indicator to determine
whether or not the run is a continuation of a previous run;
the card contains two parameters IRSTRT and RMXLD. When
the loading sequence is not a continuation of a previous
one, a blank card is used for the first data card.

General input parameters which remain fixed during a load-
ing sequence are contained in the second data card, and are:
N_DE, NC_MP, MC_L, and INT.

The third data card contains material parameters which re-
main constant during the loading sequence. These constants
are represented by the following: SlGO, E, GNU, and ZFL.

Data which must be read for each individual loading (or
reloading) situation consist of the following: PMA, DELP, D,
T, RMXLD, KLU, and NRSTRT. Additional data cards of this
type must be added for each subsequent loading in a desired
sequence.

The last card following the individual loading data cards

must be blank. This card stops the program by reading a zero for

PMA. In the event the job is to be continued at another time, the

program will write a binary saved data tape in a prescribed format.

The decision to write this tape must be made in advance and brought

to the attention of the operator on a Special Instruction Card (see

section concerning the Special Instructions). Built-in pauses in

the program are as follows:

i
I

I

I

!

I

I

I
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Pause i: Mount input data tape on logical tape 9 drive A-S,

and saved binary data (if a continuation run) on logical

tape Ii drive B-6.

Pause 2: Demount input data tape and save tape (for restart)

from drives A-5 and B-5, respectively, after the program has

been completed.

_Symbols and format of the data cards. -

Restart indicator card - Format i

Columns Field Symbol Comments

1-5 15 IRSTRT For IRSTRT > 0, the program to

be run is a continuation of a

previous run. Saved binary data

are to be read from tape B-6,

FORTRAN logical unit ii. For

IRSTRT = 0, the program is a new

run and no saved input tape are

to be read.

6-20 E15.7 RMXLD New maxirmlm (or minimum) load

level; to be defined when the

run is a continuation run, and

the new maximum load level is

greater than the maximum load

level of the previous run. For

unloading and reloading, the

RMXLD field should be left

blank. The new maximum (or mini-

mum) load level will be defined

on the Format 4 data card.

21-80 Ignored.



General input parameters - Format 2

Columns Field Symbol Comments

i- i0 Ii0 N_DE Number of elements of the ideal-

ized structure to be considered

in the program. Because of core

storage limitations, N_DE will

not necessarily equal the total

number of elements used in the

idealization of the actual struc-

ture.

11-20 Ii0 NC_MP Total number of stress (or strain)

components (three times NODE).

21-30 Ii0 MC_L Maximum number of columns of the

SIJ array that can be read into

core storage.

31-40 Ii0 INT An index which multiplies the

load increment to determine the

interval of print out. Prints

are generated when the load

level, beyond the elastic range,

has been incremented by an inte-

gral multiple of the interval of

print out.

41-80 Ignored.

Material constants - Format 3

Columns Field Symbol Comment s

1-15 E15.7 SlGO Yield stress in tension.

16-30 E15.7 E Young's modulus.

31-45 EIS. 7 GNU Poisson's ratio.

46-60 E15.7 ZFL Used to detect the onset of per-

fect plasticity in cases of

limited strain hardening (_2) .

ZFL = 0 for elastic, perfectly

plastic behavior;

ZFL < 0 for elastic, unlimited

strain hardening behavior.

61-80 Ignored.

I

I

I

I
r

I
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Individual loading data - Format 4

Columns Field Symbol Comments

1-15 EIS. 7 PMA Dummy applied load used to com-

pute the load level necessary

to cause yielding from an elas-

tic state. PMA takes on the

same sign as RMXLD.

16-30 E15.7 DELP Load increment. DELP has the

same sign as RMXLD.

31-45 E15.7 D

46-60 E15.7 T

A parameter used in the Ramberg-

Osgood Stress-Strain Relation

(G0.y).

The shape parameter used in the

Ramberg-Osgood Stress-Strain

Relation (n) .

61-75 E15.7 RMXLD Maximum load level (+), or mini-

mum load level (-).

76 -77 12 KLU Index for the type of material

behavior being considered.

KLU = 0 -- Elastic, limited or

unlimited strain hardening;

KLU # 0 -- Elastic, perfectly

plastic.

78-80 13 NRSTRT Index used to determine whether

the program is to write a save

tape after the load level has

reached the value of RMXLD

given on this card.

NRSTRT = 0 -- No save tape is to be

written;

NRSTRT _ 0 -- Binary save tape is to

be written.

Any number of Format 4 data cards will be accepted by the pro-

gram. If it is desired to write a binary save tape for restarting

the program at a later time, from the value of RMXLD indicated on

the last Format 4 card, only t_ _t card will have a nonzero value

for NRSTRT. A blank card must follow the last Format 4 card.

9



Restart procedure. -

The program has been written to enable the user to restart

the program from a point of completion of a given loading sequence,

once the necessary binary saved tape has been written. This re-

start capability enables the program to continue loading to a new

maximum level above the previous level or to unload elastically

from the previous level and reload in the reverse direction.

Only Format i and Format 4 data cards are used for a restart

run. Information contained on the Format 2 and Format 3 data cards

are provided on the saved binary tape. The first data card acts

as a control to the program; any positive number for IRSTRT in

columns 1-5 on the Format i card indicates a continuation of a

previous run. Saved binary data are read from FORTRAN logical

tape ii (B-6). The final Format 4 data card also acts as a con-

trol to the program; any positive number for NRSTRT in columns 78-80

indicates that a binary save tape will be written on FORTRAN logi-

cal tape i0 (B-5).

Special instruction cards. -

The programs require special input tapes and may require the

writing of a save tape to be used for a continuation run. For this

reason Special Instruction Cards are employed to relate, to the

computer operator, any information regarding the tapes to be mounted

at the start of any run and the tapes to be saved at its conclu-

sion. All programs require a Special Instruction Card which must

contain the following information:

AT PAUSE i MOUNT AN INPUT REEL ON A-5; AT PAUSE 2 SAVE A-5.

In addition, if the run is an original loading sequence to be con-

tinued at a later time, or is a restart of a previous run to be

completed, or is a restart to be continued at a later time, then

I
I

I

I

I
I
I
I

I
I

i0



additional instructions are required. These instructions are given

to the operator in the form of the following statements:

When original loading is to be continued:

AT PAUSE i MOUNT BLANK REEL ON B-5; AT PAUSE 2 SAVE B-5.

When a restart is to be completed:

AT PAUSE i MOUNT SAVED BINARY DATA ON B-6; AT PAUSE 2 SAVE B-6.

If restart is to be continued:

AT PAUSE i MOUNT BLANK REEL ON B-5 AND REEL CONTAINING SAVED

BINARY DATA ON B-6; AT PAUSE 2 SAVE B-5 AND B-6.

Output

Printed output begins with a listing of the various input

parameters used in the particular loading case. Calculations per-

formed for each load increment need not be listed. The amount of

generated output, during any loading sequence, is determined by

the value of the interval of print out, INT. The following infor-

mation is listed at each interval of printing:

Holorith Statement Comments

LOAD LEVEL, P -- Current load level

ELEMENT STRESSES

N_DE N_ Node or element number

SIGMA - X _ Components of the stress vector,

SIGMA Y J listed row-sort for each elementTAU Y

The following information is listed only for those elements

that are plastic:

Holorith Statement

ELEMENT N_

C

Comment s
L i

The hardening coefficient. Values of

C listed as +i indicate that the

element is perfectly plastic.

ii



DLAM

DMU

DELTA ALPHA - X

DELTA ALPHA _}DELTA ALPHA

DELTA EP - X

DELTA EP - YXy _JDELTA GAM-

T#T ALPHA - X

T_T ALPHA - Y }T_T ALPHA - Y

PLASTIC EP - X .
|

PLASTIC EP - Y
|

PLASTIC GAM - XY _

STRAIN - X

STRAIN

ELASTIC EP - X l
ELASTIC EP - Y

JELASTIC GAM - XY

Scalar factor, dh, used to evaluate

the plastic strain increment.

Scalar factor, d_, used to evaluate

the increment of translation of the

center of the loading surface.

Components of the increment of transla-

tion of the center of the loading sur-

face, d_...
lJ

Components of plastic strain incre-

ment, d e...
lj

Components of total translation of

the center of the yield surface

(_, . •

13

Components of plastic strain, e...
lJ

Components of total strain,

plus plastic), e...
lj

(elastic

Components of elastic strain,

!

e ° , •

13

The generated output begins at a load level equal to the sum

of the maximum elastic load plus the load increment• The output

is listed for each interval of printout until the value of the load

reaches the maximum (or minimum) load, specified by RMXLD on the

Format 4 data card. The program determines whether the structure

can be unloaded elastically to a zero-load state, i.e., whether

the loads can be removed from the structure without additional plas-

tic deformation occurring. If the states of stress and strain are

such as to allow elastic unloading to a zero-load condition, then

12



values of residual stresses and strains are computed and listed.

If however, states of stress and strain at the maximum (or minimum)

load are such that plastic behavior commences prior to a complete

unloading, then additional incremental computations are performed

in accordance with the chosen method of analysis. These computations

are continued until the load level is as close to zero as the load

increments will allow. The values of stress and strain listed at

this load level will be the residual values.

Sample output. -

A listing of output generated by the STRAIN Program is given

on the next page. The structure for which the computations have

been performed is the stiffened panel discussed in Section 4 of

CR-803; the maximum load level is 15,055 ibs, the load increment

used is i00 ibs; and elastic, limited strain-hardening behavior is

assumed. Since the load level, P, is at the desired maximum

load, a listing of residual stresses and strains follows the usual

output.



LOAD LEVEL, P : 15055.

NODE NO

1

2

3

4

5

5

7

R

9

}0

11

12

13

]k

15

16

17

]8
1'3

20

21

22

23

24

2S

26

27

28

29

30

3]

32

33

34

35

35

__7

38

39

40

4I

42
43

44

45

46

47

49

5O

52

53

55

ELEMENT

SIGMA-X

O.40993539F 0_

O. lq357253E C4

O.19£97162E C4

0.36635876E 04

O. I1948036E 04

0.56490750E 03

O.37233192E 03

0.45776367E-04

-0.91172_ 42F 04

-0.6377C733E 04

-0.]002_782E 05

-0. 33854610E 04

-0. 3950[787E 03

C.41891qC_E 03

O. 3505460RE 0 _

O. 30517578F-04

-0. 432340 74E 04

-0.37015983E 04

-0. I0541645E 05

-0. 77460044E 04

-£. 28921286E 04

O.23£48272E 02

O,3Q15e(47E 03

O. 15258789E-04

-O. l13Q7_3_E 04

-O. ]2171480E 04

-f.608573£7E 04

-0.57562693E 04

-C. 3306378!E 04

-0. 43690738E 03

O, 38146973E-04

-0. 32264270E 03

-O. 29955005F 03

-0. 22475244E 04

-0.1716324,8E 04

-0. 45788| 77F 03

O. 39768]64E 03

O.

O. 30740338E 03

O. 291345qsF 03

0o 37_0596OE 04

O. 521nC3z)5E 04

0.405618C9E 04

O. q5482207E 03

O. 12q96035E 04
O. 13565886E (34

O. 1527_r_OOE 05

O. 12e22224E 05

0.496c_6732E 04

O. 48i61243E 04

O. 33697376E C4

O. 410q435_E 05

O. ]5357_69E 05

O. 12224934E 04

-0. a2822423E 04

STRESSES

S I GMA'Y

0.52729180E OS

0.50237689E 05

0.5034] 998E 05

0.35282353E 05

0.20571577E 05

0.97879658E 04

0.26091374E 04

-0.37666453E 04

0.390£Q899E 05

0.42530_07E 05

0.415C74&2E 05

0.33958463E 05

0.20920052E 05

0.98229513E 04

0.25947570E 04

-0.37070724E 04

0.7579943IE 05

0.30o54811E 05

0.2eO33692E 05

0.28916422E 05

0.204344£5E 05

0.97167692E 04

0. 25352289E 04

-0.353_3246E 04

O.I91_2821E 05

0.20355691E 05

0.t9342152F 05
e.tc865705E 05

C.t63&0700E 05

0.8238584lE 04

-0.29024561E 04

0.16458o16E 05

0.16871911E 05

O. 1601Q428E 05

0.!4987119E 05

O.1131Sq62F 05

0,531686£7E 04

-0.20479645/ 04

0.15272731E 05

O.151R7136E 05

O.14g£7978E OS

0.II093373E 05

0.527774_8E 04

0.I76_2293E 04

0.15079522E 05

0.13801 c_86E 05

0.253c081 2E 05

0.65254905E 04

0.19053392E 04

0.15054800E 05

0.! 5054800E 05

-0.25437042 [-0 3

O.

-0.7_293945E-05

O. 30517578E-04

TAU-X,Y

O.

O.

A.

C.

O.

O.

_o

O.

-0. 568,_S1QSE 04

-0,69411_&6_ q4

-0. 21632437E 04

-0. ]0534794E O_

0.76918271E Ol

_.G838266]E 02

0.14457560E 03

O.
-0.819824ggE 04

-0.11814749E 05

-0.65862449E 04

-0.23352049E 04

-0.54568052E 03

0.14386502E 03

q._05] ]_76E 03

O.

-0.75509665E 04

-0.]275q2! 7E 05

-0.Q_31 87l_E 04

-0.52757850E 04

-0.17211830E 04

0.46636247E 03

O.

-0. 7194g_54E 04

-0.1_14}131E 05

-0,1149831_E 0_

-o.73569033E 04

-0.2561Q9] QE 04

0.642Z _637E 03

O.

-C .64050560E 04

-0.13225795E 05
-0.12425824E 05

-0.71942065E 04

-0.20848166E 04

O.

-0, .G3656176E 04

-0.]6069330E 05

-0.10729155E 05

-0.46236011E 04

-0.1316846_E 05

-6.19216193E 05

-0.87900609E 04

-0. 28062864E 04

-O. 3043q764E 03
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Time Estimates

There is some difficulty associated with establishing an ac-

curate guide for time estimates. The time required to complete any

loading program will depend upon a number of variables. These vari-

ables include: the number of elements considered in the analysis;

the number of elements that become plastic during the course of

loading; the load increment; and the interval of printout.

A table of actual time used by the individual programs for

various load increments is given below. The table should be used

only as a basis of comparison of time used by the various programs,

and not for establishing time estimates for any other structure or

loading condition.

The values of the required time for the various programs were

determined from computations performed on the stiffened panel. The

incremental procedures associated with each of the programs began

at the maximum elastic load, 8000 ibs, and continued up to a load

level of 20,000 ibs.

Table I - Computing Time, Minutes

Load ...........Pro___gram Name

Increment | STRESS STEPP

............................................Ii0 28.00

50

i00

250

500

750

i000

14.50

8.11

4.11

3.20

3.60

3.05

STRAIN STRAPP

12.95

8.63

5.53

4.81

4.18

4o10

27.82

8.02

5.25

2.62

2.25

1.23

1.16
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BUCKLING COMPUTER PROGRAMS

General Program Discussion

The formulation of the plastic buckling problem for initially

flat panelsj within the framework of the stiffness method of dis-

crete-element analysis, is found in Section 6 of CR-803.

Based on this formulation 3 the computer programs must perform

the following two basic operations:

i) Form the stiffness matrix of the over-all structure.

2) Solve for the state of stress necessary to cause the

vanishing of the determinant of the stiffness matrix

by either an eigenvalue calculation or by directly

evaluating the determinant of the stiffness matrix.

The first stage of the calculations is now standard within

discrete-element analysis. That is, the stiffness matrix is

evaluated for each finite element in the structural idealization

and then, after taking account of boundary conditions, these in-

dividual stiffness matrices are assembled into the over-all stiff-

ness matrix of the structure. Consistent with the formulation in

CR-803, the stiffness matrix for each element is formed by the pro-

gram in two parts: the element bending stiffness matrix, from sub-

routine BSTIF; and the element initial stress stiffness matrix,

from subroutine MSTIFo The element stiffness matrices are assem-

bled into the over-all stiffness matrices by subroutine STACK.

The second stage of the computations, in the case of a plastic

buckling problem, involves a sequence of eigenvalue calculations or

the evaluation of the determinant of the stiffness matrix for vari-

ous stress levels. An elastic buckling problem requires only one

eigenvalue calculation.

19



Two of the three programs developed involve eigenvalue calcu-

lations. The remaining program evaluates the determinant of the

stiffness matrix directly for successive load levels, and detects

the vanishing of the determinant in order to predict buckling. A

succession of determinant calculations is required both for elastic

and for plastic buckling problems. The subroutine used for the

evaluation of the determinant is discussed in the section labeled,

Discussion of Determinant Calculations.

The eigenvalue formulation of the buckling problem involves

the evaluation of the eigenvalues of one of two alternative equa-

tions of the general form, [A][X] = h[B][X]. The eigenvalues of

this equation can be found by recasting it in the form,

[B-I ][A][X] = NiX}. The matrix [B -I] [A] is not, in general,

symmetric if [A] and [B] are symmetric. If [B] is positive

definite, however, a symmetric matrix, [C], can be found which

is similar to [B-I][A]. The eigenvalue of interest is then found

from [C][X} -- AiX}. The development of this symmetric matrix has

a twofold advantage: since only the lower triangle of the [C]

matrix need be stored in computer core, there is significant stor-

age saving, and subroutines exist which can efficiently evaluate

the eigenvalues of real symmetric matrices. A detailed discussion

of the algorithms used in these operations can be found in the sec-

tion labeled, Solution. of the Eigenvalue Problem Det ([A] - h[B ]) = 0.

The two eigenvalue programs differ in their degree of gener-

ality and in the form of the eigenvalue equation solved.

Constant stress field eigenvalue program. -

This program is written specifically for a constant stress

field situation with the shearing stress equal to zero. In it,

the positive definite nature of the initial stress stiffness matrix,

[Km] , permits the development of the symmetric matrix used to

evaluate the eigenvalues of:

20



[KB] { _} : - s[Km] { _} (1)

where [_] and _ are to be interpreted here as being appro-

priate to either an elastic or a plastic buckling calculation.

l The eigenvalue of interest is the smallest one.

i A significant computational advantage is gained in the solu-
tion of the plastic buckling problem as a consequence of the

i simple nature of the constant stress field. This fact is used to
reduce significantly the amount of computing time necessary to

i develop the symmetric matrix, [C], for successive eigenvalue
calculations. Consequently, this program should be used for

plastic buckling calculations when the stress field is constant
and the shearing stress is zero.

l General eigenvalue prosram. -

I This program is capable of handling variable stress fields,

including shearing stress. In it, the positive definite nature of

the bending stiffness matrix, [_], permits the development of the

I symmetric matrix used to evaluate the eigenvalues of.

-[Km] : (2)

where [_], [Km] , A are to be interpreted as being appropriate

to either an elastic or plastic buckling calculation. In this

case it is the largest eigenvalue which is of interest.

Program Input

All programs are provided with an identical input format.

i The sequencing and details of the data cards follow. Symbols used
infor input data are presented the section entitled, Symbols and

I Format of the Data Cards.

_ 21



Sequencing and details of the data cards. -

Card i contains general program control variables: NJTS,

KLU, KLU2, KLU3, KLU4, KLU5, NEIG, L_T. The variable

KLU4 is always zero for the constant stress field eigen-

value program.

Card 2 contains plate properties: ANU, E, H, $7, NC_. In the

case of elastic buckling, the problem is formulated so

that only ANU is required.

Card 3 is prepared using one of two formats:

a) The short format contains the following data necessary

to compute plate idealization for equal size elements,

XSZ, YSZ, XNI, YNI, NMEM. In the event that the dimen-

sions of the elements vary along the coordinate axes,

the short format given above must be replaced by the

long format, requiring a considerable number of addi-

tional data cards.

b) The long format:

Group 1-Data Cards have one card for each node

point in the idealization. Each card contains:

JT, X, Y.

Group ll-Data Cards have one card for each element.

Each card contains: MEM, Jl(1), Jl(2), Jl(3),

Jl(4). The order used in the specification of the

Jl array associated with a discrete element is

shown below.

Y

Jl(3) Jl(4)

Jl(1) Jl(2)

22



Card 4 is prepared using one of two formats:

a) For a constant stress field:

One card contains APH, BTA, GAM, EN, DEN. The

quantities EN and DEN are always positive. The quantities

APH, BTA and GAM take on a positive or negative sign

according to the sense of the corresponding stress.

b) For a variable stress fiel_:

Group lll-Data Cards consist of one card for each

element, each card containing: PX, DSX, PY, DSY,

PXY, DSXY.

Plastic buckling calculations using the eigenvalue programs

require as input an initial estimate of the buckling stress

resultants and the increments of these stress resultants. For a

constant stress field situation this is specified by EN and DEN,

along with APH, BTA, GAM. In the case of a variable stress state,

this is specified by PX, PY, PXY, DSX, DSY, DSXY. The initial es-

timates should be less than, or equal to, the corresponding elastic

buckling values. They can be closely determined by first perform-

ing calculations based on a coarse idealization with large stress

resultant increments, and then using the resulting solution as

input for subsequent calculations with a finer idealization. The

quantities, EN and DEN, are only required for a plastic buckling

calculation. In the case of elastic buckling with a variable

stress field, DSX, DSY_ and DSXY are not required, and PX,

PY, PXY represent some nominal state of stress with the desired

distribution. The determinant program requires as input initial

values for the stress resultants for both elastic and plastic

buckling calculations. Care must be taken to ensure that these

stresses are below the actual buckling stresses.

23



Card 5 - Group IV-Data Cards

This grouping is needed at the beginning of each

problem to specify the node boundary conditions.

It can be omitted when the calculation follows

one with the same boundary conditions. The group-

ing has one card for each node, and specifies the

i
node boundary conditions. Each card contains:

J_INT, JD(1), JD(2), JD(3), JD(4).

Card 6, the last card of each run, contains a job termi-

nation variable, ST_P IT.

Symbols and format of the data cards. -

Card i:

Columns Field Symbol Comments

1-3 13 NJTS Number of node points in plate

idealization.

4-6 13 KLU KLU -- 0, Elastic buckling run.

KLU # 0, Plastic buckling run.

7-9 13 KLU2 KLU2 = 0, No intermediate output.

KLU2 # 0, Intermediate output will

be printed.

10-12 13 KLU3 KLU3 = i, Idealization is computed

(Short Format).

KLU3 # I, Plate idealization is

read as input from Group I

and Group ll-Data Cards

(Long Format).

13-15 13 KLU4 KLU4_= 0, Constant stress field.

KLU4 _ 0, Variable stress field,

read from Group lll-

Data Cards.

iThe rectangular element due to Bogner, Fox and Schmidt used in the

present work requires the specification of four conditions at each

node.
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, Q

Columns Field Symbol

16-18 13 KLU5

19-21 13 NEIG

22-24 13 L_T

25 -80

Card 2:

Columns Field Symbol

1-14 El4.8 ANU

14-28 El4.8 E

29-42 E14.8 H

43-49 17 NC_

50-60 FI0.2 $7

61-80

Card 3 (Short Format):

Columns Field Symbol

1-6 F6.0 XSZ

7-12 F6.0 YSZ

Comment s

KLU5 = 0, Read node boundary condi-

tions.

KLU5 # 0, Omit Data Cards-Group IV.

Number of eigenvalues desired.

Quantity used in specifying the de-

sired accuracy of a plastic buckling

run.

Ignored.

Comment s

Poisson's ratio.

Young' s modulus.

Plate thickness.

Shape parameter, n, used in

Ramberg-Osgood stress-strain repre-

sentation.

_0.7, used in Ramberg-Osgood stress-

strain representation.

Ignored.

Comments

Length of plate along x axis, or

the length of that portion of the

plate considered when symmetry is

taken into account.

Length of plate along y axis, or

the length of that portion of the

plate considered when symmetry is

taken into account.

25



Columns Field Symbol

13-18 F6.0 XNI

19-24 F6.0 YNI

25-26 12 NMEM

Comments

Number of plate elements along the
x axis.

Number of plate elements along the
y axis.

Number of plate elements in the
idealization.

27 -80 Ignored.

or

Card 3 Group 1-Data Cards (Long Format)

Columns Field Symbol

i-4 14 JT

5-16 El2.1 X

17-28 El2.1 Y

29 -80

Group ll-Data Cards

Columns Field Symbol

1-3 13 MEM

6-8 13 Jl(1)

9-11 13 Jl(2)

12-14 13 Jl(3)

15-17 13 Jl(4)

18-80

Comments

Node number.

x coordinate of node.

y coordinate of node.

Ignored.

Comments

Element number.

Node points associated with the

"MEM th'' discrete element.

Ignored
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4

4a) Card 4 (Constant Stress Field)

Columns Field Symbol Comments

i-i0 FI0.2 APH Ratio of direct stress,

stress intensity, a,. 2
_X'

11-20 FI0.2 BTA
Ratio of direct stress_ ay,
stress intensity, a,.

21-30 FI0.2 GAM Ratio of shearing stress,
2

stress intensity, a,.

31-40 FI0.2 EN Stress resultant intensity,

41-50 FI0.2 DEN

to

to

T to
xy'

2
ha,.

Increment of stress resultant

intensity, AN,. 2

51-80 Ignored•

or

4b) Group lll-Data Cards (Variable Stress Field)

Columns Field Symbol

i-i0 FI0.2 PX

ii-20 FI0.2 DSX

21-30 FI0.2 PY

31-40 FI0.2 DSY

41-50 FI0.2 PXY

51-60 FI0.2 DSXY

Comment s

Element stress resultant,
2

N .
X

Increment of element stress re-
2

sultant, AN x.

2
Element stress resultant, N

Y

Increment of element stress re-

sultant, AN .2
Y

Element stress resultant, Nxy.2

Increment of element stress re-

sultant, ANxy.2

6 i- 80 Ignored.

2These quantities, as defined above, apply in the case of plastic

buckling when the eigenvalue programs are used. In the case of

elastic buckling calculations and of plastic buckling calculations

when the determinant program is used, these quantities are divided

by the flexural rigidity, D.
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5. Group IV - Data Cards

Columns Field Symbol

1-3 13 J_INT

4-6 13 JD(1)

7-9 13 JD(2)

10-12 13 JD(3)

13-15 13 JD(4)

16-80

Comments

Node number.

JD(1) = 0, w.
3

JD(1) # 0, w.
J

is fully restrained.

is free at node j.

JD(2) = 0, w
xj

JD(2) # 0, w
xj

is fully restrained.

is free at node j.

JD(3) = 0, Wyj
JD(3) # 0, w

YJ

is fully restrained.

is free at node j.

JD(4) = 0, w
xyj

JD(4) # 0, Wxy j

is fully restrained.

is free at node j.

Ignored.

6. Card 6 (Last Card)

Columns Field Symbol

1-5 F5.0 ST_PIT

6-80

Comments

ST@PIT = 0, program will accept

additional input data and continue

to run.

ST_PIT # 0, program stops, all

jobs completed.

Ignored.

Program Output

The printout begins with a statement specifying whether the

run is an elastic or plastic buckling calculation. The input vari-

ables defined in the section labeled, Program Input, along with the

node coordinates and the Jll array, follow. The stress field,

specified by APH, BTA, GAM, EN, DEN for a constant stress field,
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or PX, DSX, PY, DSY, PXY, DSXY for a variable stress field, is

printed next. Nodal boundary conditions, specified as either

zero or one for each degree of freedom, follow.

Eigenvalue programs. -

The calculated output depends on the program used. The eigen-

value programs print a holorith statement, FUTILE WAS TROUBLE FREE,

if the computation involving the formation of the lower triangular

matrices is successfully completed. In the event that this calcu-

lation cannot be completed, the program prints, C IS N_T P_SITIVE

DEFINITE or _VERFL_W, and then returns to the beginning of the pro-

gram. A listing of the eigenvalues follows. In the case of the

constant stress field eigenvalue program, all the eigenvalues are

printed. The general eigenvalue program allows the option of

printing any number of consecutive eigenvalues starting with the

largest one (specified by NEIG). Consistent with the plastic buck-

ling formulation, a sequence of eigenvalues associated with differ-

ent loadings will be printed, until the desired solution is ob-

tained. This solution satisfies the plastic buckling criterion,

which requires that the largest eigenvalue be equal to one in the

general eigenvalue program, or the smallest eigenvalue be equal to

one in the constant stress field program. When this solution is

reached, ERROR is printed out. This variable is equal to (_ - i),

where _ is the smallest eigenvalue for the constant stress field

program, and is the inverse of the largest eigenvalue for the gen-

eral eigenvalue program. It is a measure of the closeness of the

desired eigenvalue to one. The allowable error is specified by

10-L_T e
the input variable, L_T (absolute value of ERROR < ). Th

final printed output is the buckling stress resultants. In the

case of an elastic buckling calculation, the stress resultants are
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divided by the plate flexural rigidity, D, and listed as NX/D,

NY/D, NXY/D. In the case of a plastic buckling calculation, the

stress resultants, NX, NY, NXY_ are printed.

Determinant program. -

This program prints the determinant of the stiffness matrix

for a sequence of load levels. The determinant information is

printed under the following headings:

CYCLE number of determinants printed

DETERMINANT the value of the determinant if it can be

stored in a floating point number

KEY KEY = 0 if determinant can be printed,

KEY-- i if determinant cannot be printed

due to overflow or underflow

if KEY = i, KAY and VALUE are printed such that

KAY _ the determinant equals VALUE * 2Kay (see section
VALUE J entitled Discussion of Determinant Calculation)

When the value of the determinant changes sign, the program prints,

THE SIGN _F DET C HAS CHANGED. This will be printed any number

of times until the error criterion specified by L_T is satisfied.

When the determinant is close enough to zero_ the stress resultants

are printed in the same manner as in the eigenvalue programs.

Sample output. -

Sample output is shown for both the elastic and plastic buck-

ling of a simply-supported square plate with a uniform compressive

load on two opposite edges. Symmetry conditions were taken into

account, so that only one-quarter of the plate was considered° In

order to limit the amount of output_ a coarse network consisting of

only four elements was used for the plate idealization. Calculations
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based on this idealization are shown for: i) elastic buckling,

using the general eigenvalue program; 2) plastic buckling, using

both the constant stress field program and the determinant program.

_ The input parameters common to all three cases are only shown once.
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List of Subroutines

The following subroutines are called from the main program.

BIGSYM computes eigenvalues of a real symmetric

ma tr ix

j BSTIF computes element bending stiffness matrix
DAGGER Performs the operation, [Mk] [Hk] [MkT ] (see

I labeled, of_the Eigenvalue
section Solution

Problem bet ([A] - A[B]) = 0)

I FUTILE forms lower triangular matrix, [Lj, from posi-

tive definite matrix such that, [B] = [L][L] T

IMEQF computes the determinant of a matrix, or

solves a system of linear equations

MSTIF computes element initial stress stiffness

matr ix

SCRIBE prints C-array

STACK assembles element stiffness matrices into

over-all stiffness matrix in C-array

SWITCH permutes the elements of the C-array from a

partial row arrangement to a partial column

arrangement

Time Estimate

Any estimate of program running time is dependent on the num-

ber of determinant or eigenva!ue calculations necessary to arrive

at the proper buckling stresses, and the size of the stiffness

matrices associated with the plate idealization. The number of

eigenvalue or determi_L_nt calculations depends on the initial es-

timate of the buckling stress state, the stress increments selec-

ted and the desired accuracy of the final solution. Computing

time for eigenvalue or determinant calculations increases in a
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nonlinear fashion as the order of the stiffness matrix increases.

If the initial estimate of the buckling stresses is far from the

actual buckling stresses, and the stress increments selected are

small, program running times for large matrices may be excessive.

However, if the estimate of buckling stresses is chosen carefully,

the running times for plastic buckling eaiculations will be sig-

nificantly reduced. Results for some 1_lastic buckling calcula-

tions using the general eigenvalue p_c_ram are shown below:

Number of
Matr ix Eigenw_ lue Time

Size Calculations (min.)

35 x 35 I0 1.52

95 x 95 7 3.78

130 x 130 5 5.90

As can be seen, the computing time increases rapidly as the size

of the matrices is increased.

Solution of the Eigenvalue Problem Det ([A] - %[B]) = 0

The algorithm used by the program requires that [A] and

be symmetric and [B] positive definite. If [A] is positive

definite, but not [B], a slight variation of the procedure can

be used. The calculation takes place in two principal stages:

i) Formation of a real symmetric matrix, [C], where
eigenvalues are the roots of det ([A] - X[B]).

2) Solution of the standard eigenvalue problem for [C].

The second stage employs a technique which has become almost

standard. Specifically, [C] is reduced to a tridiagonal sym-

metric matrix, [T], by orthogonal similarity transformations

[B]
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(based on Householder matrices)j and the eigenvalues are then

located by exploiting a Sturm-sequence property. An excellent

account of the procedure is given by Wilkinson, 3 so that we shall

not pursue the details here, except to remark that the eigenvalue

program accepts the matrix, [C], in triangular form in order to

make possible the processing of fairly large matrices (maximum

order in excess of 200 on the IBM 7094) without resort to tapes or

other secondary storage devices. This computation is performed by
subroutine BIGSYM.

The first stage of the algorithm is not so widely known, and

we propose to describe it somewhat more closely. The equation,

det ([A] - %[B]) = 0, is satisfied if and only if there is a non-

zero vector, Ix], for which [A][x] = %[B]_x] _. Because [B] is

assumed positive definite, it is certainly nonsingular and the

condition given is equivalent to [B]-I[A][x] = Z[x]. One might,

therefore, attempt the solution of the standard eigenvalue prob-

lem for the matrix, [B]-I[A], but a more convenient alternative

is available. The positive definite character of [B] ensures

the existence of a nonsingular (real) lower triangular matrix, ILl,

such that [B] = [L][LT]. Obviously [B]-I[A] is given by

[L]-T[L]-I[A], and if [C] is defined to be the matrix,

[L]-I[A][L] -T, [C] is symmetric and [C] = [L]T [B ]-I [A] [L] "T,

so that [C] is similar to [B]-I[A]. It follows that the roots

of det ([A] - Z[B]) are the eigenvalues of [C].

The formation of [C] as an intermediate step of the calcu-

lation has much to recommend it. First of all, [C] is obtained

more economically than [B]-I[A] itself. Given [L] and [A],

[C] can be formed with the use of only n3/2 multiplications, 4

3Wilkinson, J. H., The Algebraic Eigenvalue Problem, Clarendon

Press, Oxford, 1965, pp. 290-315.

4All matrices considered here are square, of order n.
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whereas about

[B]-I[A], on the assumption that

eski algorithm, and the columns of

by solving the triangular systems,

3
n multiplications seem to be needed to produce

[L] is obtained from the Chol-

-i
[B] [A] are then obtained

[L][z] = [y] and [L]T[x] = [z_,

with the role of

methods for calculating [B]-I[A]

sive. Secondly, the symmetry of

roughly half its elements, while

y taken by successive columns of [A]. Other

appear to be still more expen-

[C] makes it possible to store

[B]-I[A] requires a full square

array. Finally, the solution of the eigenvalue problem is con-

siderably simplified if the matrix is known to be symmetric. The

more prominent benefits conferred by symmetry include the follow-

ing:

The eigenvalues are known to be real numbers;

this contrasts with the situation for general

real matrices, which may have complex eigen-

values.

The problem is necessarily well-conditioned;

small errors in the matrix cannot lead to large

errors in the eigenvalues. Moreover, there are

stable, accurate algorithms for computing the

roots. The Householder technique is probably the

most efficient of these algorithms.

The eigenvalues of a symmetric matrix can be cal-

culated more rapidly than those of a general matrix.

A factor of 2 is a conservative estimate of the gain

to be expected.

The lower triangular matrix, [L], is derived from [B] by

application of the Choleski algorithm, using only about n3/6

multiplications. One assumes the existence of an [L] satisfying

[L][L] T _ [B], and determines its elements successively (a row or

k

a column at a time) to satisfy the equations, I _ij_kj = bik,

j=l

for i > k. It is not difficult to show that the stipulation,

40



_ k > 0, (for all k) leads to a unique solution of these equa-tions. It is convenient to store each element of ,_L] over the

corresponding row of [B]. Subroutine FUTILE carries out the

Choleski decomposition of [B] in this fashion.

We note that any lower triangular matrix, [L], has the

I factorization, [L] = [LI][L2] ... [Ln] , where each [Lk] is a
lower triangular matrix differing from the identity only in the

first k elements of row k which are given by _ik for

i = I, 2, ..., k. The inverse, [Mk] , of [_], has the same

form, with mkk- i/_kk and mki -- - _kimkk for i < k. In order

to determine [C] we define [HO] - [A] and [Hk] to be the

matrix, [_L ][_i I][_L ]T. It is easy to establish that [C]-[}{ ].
_-_ K n

Each [Hk] is symmetric and requires roughly nk _altiplications.

If [L] is placed on a secondary storage device, replaced in main

storage by [A], and then reintroduced one row at a time, the for-
marion of [C] can be accomplished with the use of one large (tri-

angular) array and a few extra vectors. Row k of [L] is brought

into core, changed to row k of [M k] and then used to generate

I [H k] from [Hk i ]. The subroutine DAGGER performs these calcula-

tions and is entered once for each k to produce [_], given

[Hk_ 1 ] and the nontrivial elements, mik , in Mk.

i After calculating the elements of [C], but before invocation

of the eigenvalue routine, the program nmst alter the triangular

array containing [C] in order to store [C] in the form expected

by the eigenvalue routine. For the Choleski decomposition and the

formation of [C], it seems most convenient to store all the lower

I triangular arrays in consecutive (partial) row order, illustrated

on page 42 for a matrix of order 5. Unfortunately, thls .

arrangement appears to somewhat awkward for the executlonbe

I

I
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of the Householder algorithm, and we found

it e_ped_ent to employ a subroutine _tLieh

permutes the elements of the C array so

as to leave the array in consecutive

(partial) colum order, also shown for a

5 x 5 matrix. Of course, it is desirable

to accomplish the transformation within

the triangular array (except perhaps for

a few additional storage locations) and

to carry it out rapidly enough to avoid

any serious effect on over-all execution time.

i

23

456

78910

ii 12 13 14 15

i

26

3710

4 8 ii 13

5 9 12 14 15

The design of an

the problem has been previously con-

sidered, or whether our solution is

near-optimal; it achieves the order

in about n2/2 interchanges (trans-

positions in the terminology of per-

appropriate procedure represented an interesting and fairly chal-

lenging programming problem. A reasonably satisfactory solution

was reached. It consists of first reversing the triangular array

and then reflecting it about the reverse main diagonal. We show

the intermediate arrangement for order 5. It is not known whether

15 /

14 13 //

12 11#0 "_

1/8 7 6

/5 4 3 2 1

mutation theory). The rearrangement of the triangular array is done

by subroutine SWITCH.

The main lines of the procedure for roots of det ([A] - %[B])

are set forth by Wilkinson. 5 The entire Wilkinson text is a first-

rate discussion of most of the commonly used algorithms for the

determination of eigenvalues and eigenvectors. The interested

reader is strongly advised to consult this reference.

51bid., pp. 337-339.

i

I

I

I

I

I

I

I

I

!
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Discussion of Determinant Calculation

I
I

I

I

I

I

I

I

The determinant evaluation is performed by the subprogram,

IMEQF, which is a standard routine for the solution of linear alge-

braic equations. The algorithm may be described as triangular de-

composition with scaling, partial pivoting, and double precision

inner product accumulation. After the matrix has been scaled so

that each row and column has its largest element near i in magni-

tude, the calculation differs very little from the formulation
6

given by Wilkinson. Essentially, one writes [A] = [L][U], where

[L] is unit lower triangular (i.e., _kk = i for all k) and

[U] is upper triangular. The determinant is then obtained as the

product of the diagonal elements of [U]. In computing the deter-

minants of matrices of high order, some care must be taken to guard

against floating-point spill, since such determinants may have ex-

tremely large or small values. The version of IMEQF used here has

been modified to monitor the formation of the successive partial

products rather closely, so that spill can be detected almost im-

mediately. If the determinant is too large or too small to be

stored as a conventional floating-point number, it is then returned

as a pair, (p, x), which indicates a value of 2Px. On the

IBM 7094, p may be any integer in the range 2 -35 to 235 , so

that virtually any real number can be represented in this form.

6
Ibid., pp. 225-229.
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C

C

C

EXEC

IBJO

IBFT

61

U

B

C

STRESS

TF IBJOB

FIOCS,MAP

STRESS L IST ,REF

DIMENSION APH(165 )

DIMENSION BA(60)

DIMENSION BAPH(165 )

DIMENSION CA(3,3)

DIMENSION CSM(55)

DIMENSION DAPH(165)

DIMENSION DEP(165}

DIMENSION DLAM(55)

DIMENSION DMEW(55)

DIMENSION DSUM(165)

DIMENSION EEP (165)

DIMENSION EP(165)

DIMENSION EI(55)

DIMENSION E2(55)

DIMENSION E9(60)

DIMENSION L(61)

DIMENSION NEC(165)

DIMENSION NNPP(55)

DIMENSION PSIM(60)

DIMENSION SIG(165)

DIMENSION SIJ(165,60)

DIMENSION SIM(165)

DIMENSION SQ(165)

DIMENSION STR(165)

DIMENSION SUM(165)

DIMENSION U(55)

DIMENSION W(55)

DIMENSION YCE(55)

DIMENSION ZMTRX(60,60)

COMMON APH , BA

COMMON DEP , DEPM
COMMON EP , E9

COMMON NEE , NNPP

COMMON S t S IG

COMMON SUM , U

PROGRAM

, BAPH , CA , CSM , DAPH

, DLAM , DMEW , DSUM , EFP

, KOUNT , KLU , L , MCOL

, NODE , NP , N3NO , PSIM

, SIJ , SIM , SQ , STR

, W , YCE , ZMTRX

STRESS METHOD - STEPWISE LINEARIZATION PROCEDURE

PAUSE 1

CONST=I,0E+06

REWIND 9

READ(5,319) IRSTRT,RMLDX "

XLB=RMLDX °

IF(IRSTRT)60,60,61

READ(It) APH,BA,BAPH,CA,CSM,DAPH,DEP,DLAM,DMEW,DSUM,EEP,EP,EI,F2,

E9,L,NEC,NNPP,PSIM,SIG,SIJ,SIM,SQ,STR,SUM,U,W,YCE,ZMTRX,

IAVAIL,INT,IREC,KLU,MCOL,NCOMP,NODE,PM,PCRIT,SIGO,T,Z,

ZFL,DEPM,S,TEST,G,MCOUNT,GNU,E,D

NP=MCOL

N3NO=NCOMP
KK=INT

IREC=O

K9=KK

N=I

WRITE(6,320)

WRITE(6,321) INT,SIGO,E,GNU,DEPM,D,T,XLB

IF(XLB/PM -I,0)62,62,63
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62

63

6O

90

91

92

93

_0

94

65

KTRANS:2

GO TO 232

KTRANS:I

GO TO 232

READ(5,322) NODE,NCOMP,MCOLtINT

KTRANS=I

N3NO=NCOMP

NP=MCOL

READ(59323_ SIGO_E,GNU,ZFL
N=O

CALL SETAPE (992)

READ (9)(SIM(1),I=ItN3NO)

REWIND 9

ALPH:O,

DO 90 I:IgNODE

APH(B*I-2)=ALPH

APH(3*I-1)=ALPH

IAVAIL=I

IPEC=O

DO 91 K=I,NODE

U(K)=O,

DLAM(K)=O,

D_EW(K)=O°

YCE(K)=O,

MCPLI=MCOL+I

DO 92 I=I,MCPL1

L(1)=O

DO 93 J=ltN3NO

APH(J)=O,

_APH(J)=O°

DAPH(J}=O°

DEP(J)=O,
DSUM(J)=O°

EEP(J)=O,

EP(J)=O,

SIG(J)=O,

SQ(J)=O,

STR(J)=Oo

SUM(J)=O,

NEC(J)=O

TEST=O°

PM:O°O

KK:I
K9:I

DO 94 I:I,NODE

CSM(1):O,O

NNPP(1)=O

W(1)=O,O

IF(N)65965966

N=I

READ(B9324) PMA_DEPM,D,TgXLB,KLU,NRSTRT

WRITE(6,320)

WRITE(6,313) INT,SIGOgE.GNUtDEPM,D,T,XLB

DO 95 J=I,NODE
NI:3*J-2

N2:3*J-1

N_:3*J

ZIBI:SIM(N1)*PMA

ZIB2=SIM(N2)*PMA

ZIB3=SIM(N3)*PMA
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95

96

97

20

68

67

70

69

66

3/+

124

33

73

72

98

116

99

I00

1

2

YCE(J)=(ZIB1 -ALPH)**2-(ZIB1-ALPH)*(ZIB2-ALPH)+(ZIB2-ALPH)**2+3.0*

(ZIB3)**2

R=O.O

DO 96 I=I,NODE

R=AMAXI(YCE(1),R)

_ 97 T=I,NOhF

IF(YCE(1)-R)97,20,97

CONTINUE

NI=I

IF(KLU)67,67_68

CSM(1)=I.

NNPP(1)=I

_Z=(ALPH-SQ(3*N1-2}}*(2.0*SIM(3*N1-2}-SIM(3*NI-1))

BY=(ALPH-SQ(3*NI-I))*(2.0*SIM(3*NI-1}-SIM(3*NI-2))

_X=6.0*SIM(3*NI)*(-I.0*SQ(3*N1)}

_V=(-I.0)*(BZ+RY+RX)

BA(1)=SIM(3*NI-2)**2

BB=SIM(3WNI-2)*SIM(3*NI-1}

BC=SIM(3*NI-1)*_2

PD=3.0*(SIM(3*N])**2)

BE=BA(1)-BB+BC+BD

B=RV/RE
CI=((ALPH-SQ(3*N1-2)}**2+(ALPH-SQ(3*NI-1))**2-(ALPH-SQ(3*NI-1))*(A

LPH-SQ(3*N1-2))+3,*(-1,*SQ(3*N1))**2-SIGO**2}/BE
IF(PMA)69_69,70

PCRIT=((-1,0*B)+SQRT(B**2-4,0*C1))/2,0

GO TO 71

PCRIT=((-I.0*B}-SQRT(B**2-4.0*C1})/2.0

GO TO 71

READ(5,324} PMA_DEPM,D,T,XLB_KLU,NRSTRT

GO TO (33,34) , KTRANS

O0 124 I:I,NODE

W(1)=O.

CSM(I}=O.

NNPP(1)=O

BAPH(3*I-2) = APH(3*I-2)

BAPH(3*I-I) = APH(3*I-I)

BAPH(3*I ) = APH(3*I)

K%=KK
KTRANS=I

N=I

IF(PMA)72,73t72
REWIND 9

PAUSE 2

CALL FXIT

WRITF(6,312)

WRITE(6,320)

WRITE(6,313) INTtSIGO,E,GNU,DEPM,D,T,XLB

DO 98 I=I,N3NO

SIG(I)=SIM(I)*PMA+SQ(1)

D0116 I=I,NODE

YCE (1)=((SIG(3*I-I)-BAPH(3*I-1))**2)-((SIG(3*I-I)-BAPH(3*I-1)) *(S

IG(3*I-2)-BAPH(3*I-2)))+((SIG(3wI-2)-BAPH(3*I-2))**2)+(3.0*((SIG(3

*I)-RAPH(3*I})**2))

P=O.O

DO 99 I=I,NODE

R=AMAXI(YCE(1)_R)

DO 100 I=I,NODE

IF(YCE(I)-R)lO0,74,100
CONTINUE
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74

76

75

78

77

71
80

37

I01

79

41

102

8_3

86

87

88

89

1

2

3

NI=I

IF(KLU)75,75,76

CSM(1)=I,

NNPP(1)=I

BZ=(BAPH(3*NI-2)-SO(3*N1-2))*(2.0*SIM(3*NI-2)-SIM(3*NI-1))

_Y:(BAPH(3*NI-I)-SO(3*NI-I))*(2.0*SIMI3*NI-I)-SIM(3*N1-2))

RX=(6.0*SIM(3*N])*(BAPH(3*NI}-SQ(3*N1)))

RV:(-I.O)*(BZ+BY+BX)

BA(1)=SIM(3*N1-2)**2 .

RR=SIM(3*NI-2)*SIM(3*NI-1)

RC=SIM(3*NI-I)**2

BD=3.0*(SIM(3*N1)**2)

RE=BA(I}-BB+BC+BD

B:BVIBE

CI=(((BAPH(3*NI-

BAPH(3*NI-I)-SQ(

NI)-SQ(3*NI)}**2

(3*NI-I)))+(SIM(

TF(PMA)77977,78

PCRIT=((-1.0*B)+SQRT(B**2-4.0*CI))/2.0

GO TO 71
PCRIT=((-I.O*E)-SQRT(B**2-4.0*CI))/2.0

IF(PCRIT/PMA)79,80,80

IF(TEST) 79,79,37

WRITE(6,308}

WRITE(6,309)

DO I01 J=I,NODE

RESTI=(SQ(3*J-2)-GNU*SQ(3*J-I})/E+EP(3*J-2)

REST2=(SQ(3*J-1)-GNU*SO(3*J-2))/E+EP(3*J-1)

REST3=2.0*(I.O+GNU}*SQ(3wJ)/E+EP(3*J)

WRITE(6,310)J,SQ(3*J-2),SQ(3*J-1),SQ(3*J),'REST1,REST2,REST3

CONTINUE

IF(XLB)41,73,41

TEST=I.

PM=PCRIT

DO 102 J=I,N3NO

SUM(J)=SIM(J)*PM+SQ(J)

SIG(J)=SUM(J)

Z=SIGO**2

SMALL=CONST/Z

D2=D/SQRT(3.0)

PM=PM+DEPM

WRITE(6,326) S

IA=O

KOUNT=O

DO 103 I:I,NODE

2)-SQ(B*NI-2))**2+(BAPH(3*NI-I)-SO(3*NI-1))**2)-((

3*NI-1))*(BAPH(3*NI-2)-SQ(3*N1-2)))+((3.0*(BAPH(3*

)-SIGO**2)) /((SIM(3*N1-2)**2)-((SIM(3*N1-2}}*(SIM

?*N1-1)w*2)+(3.0*SIM(3*N1)**2})

YCE(1)=((SIG (3*I-2)-APH(3*I-2)}**2)-((SIG (3*I-2)-APH(3*I-2})*(SI

G (3*I-1)-APH(3*I-1))}+((SIG (3*I-1)-APH(3*I-1))**2)+3.0*((SIG (3*

I)-APH(3*I))**2)

Z9= (YCE(1)/Z-I.0)

IF (Z9 + SMALL )85,86,86

U(1) : I

W(1)=I

IF(CSM(I) - 1.0) 87_88,87

IF(KLU) 88,89,88

CSM(1) = 1.0

IA:IA+I

NNPP(IA)=I

GO TO 103

KOUNT = KOUNT + I
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85

lOB

26

109

211

214
215

218
]22

216

123
217

2]3
110

2O4

209

221

222

SI:T*((ABS(SUM (3*I-2)-BAPH(3*I-2))/D)**(T-I.O))/D

S2=T*((ABS(SUM (3*I-1)-BAPH(3*I-I))/D)**(T-I.0))/D

Sg=T*((AB_(SUM (3*I)-BAPH(3*I))/D2)**(T-I.0))/D2

QZIG:(((SUM (3*I-1)-APH(3*I-1))**2)+((SUM (3*I-2)-APH(3*I-2))**2)+

((£iJ_ (3*I)-APH(3*I)) *'2))**.5
VI :(SUM (3*I-2}-APH(3*I-2))/ozIG

v2 =(SUM (3*I-1)-APH(3*I-1))/QZIG

V3 =(SUM (3*I)-APH(3*I))/QZIG

CSM(1)=((VI**2)*SI)+((V2**2)*S2)+(( V3"'2)*$3)

GO TO 103
W(1) = 0,0

CONTINUE

J=l

DO 109 I:I,NODE

IF(U(1))26,109,26

J7=3"I-2

J8:3"I-I

J9=3"I
L(J)=J7
L(J+I)=J8
L(J+2)=J9
J=J+3
CONTINUE
L(J)=999
DO 110 I=I,MCOL
II:L(1)

IF(L(1) - 999 ) 211,209,211

IF(NEC(II))213,214,213

IF(IAVAIL-MCOL)215,215,204

III=II-I-IREC

IF(III}216,217,218

DO 122 JJ=l,III

RFAD (9)
GO TO 217
III:(-l)*III

DO 123 JJ=ItIII

BACKSPACE 9

READ (9) (SIJ(JJ,IAVAIL)tJJ:ItN3NO)

IREC:II

NEC(II):IAVAIL

IAVAIL:IAVAIL+I

GO TO 211

NN=NEC(II)

CONTINUE

WRITE(6,311)
CALL EXIT

CALL INCREM

COMPUTE YIELD CONDITION EQUATION

DO 104 I=I,NODE

IF(W(1)) 104,104,221

IF(CSM(1) - 1.0) 222,i04,222

F=(((SUM(3*I-2)-APH(3*I-2))*(DSUM(3*I-2)-(DSUM(3*I-1))/2.0I)+((SUM

(3*I-I)-APH(3*I-I))*(DSUM(3*I-I)-(DSUM(3*I-2))/2.0))+(3.0*(SUM(3*I

)-APH(3*I))*(DSUM(3*I))))
DLAM(1)=(2.0*CSM(1))*F/((5,0*(SUM(3*I-2)-APH(3*I-2)) *'2)-(8.0"(SU

M(3*I-2)-APH(3*I-2))*(SUM(3*I-1)-APH(3*I-I)))+(5.0*(SUM(3*I-1)-APH

, (3*I-1))**2)+(36.0*(SUM(3*I)-APH(3*I))**2})
DMEW(1):F /(((SUM(3*I-2)-APH(3*I-2))**2)-((SUM( 3*I-2)-APH(3*I-2)}
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C
C
C

C
C
C

C
C
C

C
C

224
I

223

104

225

106
105

107

226

108

114

115

_(SUM(3*I-1)-APH(3*I-I)))+((SUM(3*I-I)-APH(3*I-I))**2)+(3,0.(SUM(3
*I)-APH(3*I))**2))

IF(DLAM(1)) 223,224,224

COMPUTE THE DELTA FPSILONS

DEP(3*I-2)=2.0_((SUM(3*I-2)-APH(3*I-2))-(SUM(3*I-1)-APH(3*I-I))/2,
0)*DLAM(1)

DEP(3*I-I)=2,0*((SUM(3*I-I)-APH(3*I-1))-(SUM(3*I-2)-APH(3.1-2))/2,
0)*DLAM(1)

DEP(3*I)=6,0*((SUM(3*I)-APH(3*I)))*DLAM(1)

COMPUTE THE DELTA ALPHAS

DAPH

DAPH

DAPH

(3*I-2)=(SUM(3*I-2)-APH(3*I-2))*DMEW(1)

(3*I-I)=(SUM(B*I-I)-APH(B*I-I))*DMEW(1)

(3*I)=(SUM(3*I)-APH(3*I))_DMEW(1)

CALCULATE ALPHA SUMS

APH(3*I-2)=APH(3*I-2)+DAPH(3*I-2)

APH(3*I-I)=APH(3*I-I)+DAPH(3*I-1)

APH(3_I)=APH(3*I)+DAPH(3*I)

CALCULATE EPSILON SUMS

EP(3*I-2)=EP(3*I-2)+DEP(3*I-2)

FP(3*I-I):EP(_*I-1)+DEP(3*I-I)

FP(3*I)=EP(3*I)+DEP(3*I)

GO TO 104
DEP(3*I-2) = 0,0

DEP(3*I-1)=O,O
DEP(3*I)=O.O

CONTINUE

DO 105 K= I,N_NO

SJ=O,O

DO 106 I= 1,N3NO

NT=(I-I)/3+I

IF(U(NT)) 225,106,225
K]=NEC(I}

SJ=SJ+SIJ(K,KI)*FP(1)
CONTINUE

SQ(K) = $3

DO 107 LX=I,N3NO

SUM(LX)=SIM(LX)*PM+SQ(LX)

SIG(LX) = SUM(LX)

STEST = 10"'10

DO 108 LX=I,N3NO

IF(SUM(LX) - STEST) i08,108_226

WRITE(6t317)

CALL EXIT

CONTINUE

DO 114 I=I,NODE

FEP(3*i-2)=(SUM(3*I-2)-GNU*SUM(3*I-I))/E

EEP(3*I-1)=(SUM(3*I-I)-GNU*SUM(3*I-2))/E

FFP(3*I)= 2,0* (1,+ GNU) * SUM(3*I) IE
DO 115 J=I,N3NO
STR(3) = EP(J) + EEP(J)

THE TEST FOR PERFECT PLASTICITY
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C

........ _T,N ¸

no
1

IF

IF

IF
IF
FLOW=(APH(3*I-2)-RAPH(3*I-2))**2-(APH(3*I-2)-BAPH(3*I-2))*(APH(3*I
-I)-BAPH(3*I-I))+(APH(3*I-I)-BAPH(3*I-I))**2+(3.0*(APH(3*I)-BAPH(3

*I)}*'2)

IF (ZFL - FLOW) 22g,229,111

( ZFL ) 35,36,36

III I=I,NODE

(U(I)) 111,111,227

(KLU) 111,228,111

ICSM(I} - 1.0) 230,22g,230

I_ CSM(I} - 1.o
IA-IA+I
NNPP(IA)=I

__ CONTINUE........ IF ( PM/XLB - 1,0 ) 231,232,232

IF ( K9 - KK ) 233,235,233

"_t_ ...... K�-K9+1
GO TO 83

....i_12- KTRANS=2
WRITE( 6,301 )

.....' _t-Ri TE (6,302)
WRITE(6,300 ) ( J,SUM
DO 113 I=I,NODE
A-I
IF (W(1)-A) 113,234,113

_S6 WRITE(6,31z+)

..... '_ ....... WRITE(6,315)

WRITE(6,306 )
• m. o. .... :-

WRITE (6,305)

': . . I -1),DEP(3*I )
. WRI TE(6,307 )

WRITE (6,305)
...............""'1,- .... EP( 3"I } '

WRITE(6,316)

WRITE (6,305)

.................. 1 ),EEP(3*I )
, _|3 CONTINUE

K9"Kg+I

KK"KK÷ INT

GO TO (83,z_2) , KTRANS

-_'_ .......IF (NRSTRT) 66,8&,236

...... _____...
t

--J- 1=-, _ ....

(3*J-2),SUM (3*J-1),SUM (3*J),J=I,NODE)

T,CSM(I),DLAM(T),DMEW(1)

DAPH(3*I-2),DAPH(3*I-I},DAPH(3*I),DEP(3*I-2),DEP(3*I

APH(3WI-2),APH(3*I-I),APH(3*I),EP(3wI-2), EP(3*I-I),

STR(3*I-2),STR(3*I-1),STR(3*I),EEP(3*I-2),EEP(3*I-I

|oo
_y---
Iol

WRITE(IO) APH,BA,BAPH,CA,CSM,DAPH,DEP,DLAM,DMEW,DSUM,EEP,EP,EI,E2'

E�,L,NEC,NNPP,PSIM,SIG,SIJ,SIM,SQ,STR,SUM,U,W,YCE'ZMTRX'
IAVAIL,INT,IREC,KLU,MCOL,NCOMP,NODE,PM,PCRIT'SIGO'T'Z'

ZFL,DEPM,S,TEST,G,MCOUNT,GNU,E,D

REWIND 10

REWIND 9
PAUSE 2

CALL EXIT
FORMAT(1H ,3X,13,7X,E16.8,3X,E16.8,3X,E16.8)

FORMAT(/ 21X,]?H ELEMENT STRESSFS, / }
FORMAT(12HOELEMENT NO.,TX,THSIGMA-X,1AX,?HSIGMA-Y,12X,?HTAU-X,Y)

FORMAT(8X,E16.8,3X,EI6.8,3X,El&.8,3X,E16.8,3X,E16.8,3X,E16.8)

FORMAT(1HO,9X,13HDELTA ALPHA-X,6X,13HDELTA ALPHA-Y,6X,12HDELTA GAM

-XY,?X,10HDELTA EP-X,9X,10HDELTA EP-Y,9X,12HDELTA GAM-XY)

IB_ FORMAT(IHO,9X,11HTOT ALPHA-X,8X,11HTOT ALPHA-Y,8X,12HTOT ALPHA-XY,
....7X,12HPLASTIC EP-X,7X,12HPLASTIC EP-Y,TX,14HPLASTIC GAM-XY)

S_ FORMAT(20X,17HRESIDUAL STRESSES,_IX,I&HRESIDUAL STRAINS}

""_O'TI " FORMAT(BHOELEMENT,6X,IHX,18X,1HY,18X,2HXY,23X'IHX'IBX'IHY'I8X'2HXY
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I

I

i
I

I
I

I

I

I

310
311
312
313

FORMAT(IH0,'I2,3EIg,8o3Xt3E19,8}
FORMAT(19HIALL OUT OF COLUMNS)
FORMAT(IHOP22HUNLOADING CYCLE BEGINS)

FORMAT(1HO(IIOtBE15,6))
314 FORMAT(13HO ELEMENT NO**gXt1HCtlTX,THDLAMBDA,16X,3HDMU)
315 FORMAT(SX,I2_8X.gE16.8_SXtE16.8tSXtE16.8)
316 FORMAT(1HOtlOXtlOHSTRAIN - X99X910HSTRAIN - Y,9Xt11HSTRAIN - XYt?X

1 _12HELASTIC EP-X,TXt12HELASTIC EP-Y,YX,14HELASTIC GAM-XY)
317 FORMAT(1HO,3OHTHE NODAL STRESSES ARE TOO BIG)
319 FORMAT(IS,El5,7)
320 FORMAT(6HIINPUTo/ ?X*3HINTtllXt4HSIGOt14X,1HE_13X_2HNU,11Xt4HDELPo

1 14X91HD_14X91HT,10XtSHRMXLD)
321 FORMAT(1H0(I1098E15,6))
322... FORMAT(SI10)
323 FORMAT(SE15,?)
324 FORMAT(SE15,TtI2*I3)

325 FORMAT(I?HO LOAD LEVEL ,P =,FIO.O,)
326 . FORMAT(14HO DETERMINANT=,E16.8)

END

SUB ROU .T-L_F._ F.-T.AP_.-E__N I-T--_F.-I-LE-)

DATA SIGNAL 1Ol11111111111 I
REW-IND__

NSET=NFILE-1

4 DO 1 I=19NSET

2 RFAD (q) X

IF(X-SIGNAL)2, 1,2

1 CO_LT_F .
3 RETURN

END
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I
J

$ IBFT C

I
I
I

I
!

I

!

i
!

!
I 103 I

1

102

I

I
C

SUBROUTINE

INCREM LIST,REF

SUBROUTINE INCREM

DIMENSION APH(165)

DIMENSION BA(60)

DIMENSION BAPH(165)

DIMENSION CA(3,3)
DIMENSION CSM(55)

DIMENSION DAPH(165)

DIMENSION DEP(165)

DIMENSION DLAM(55}

DIMENSION DMEW(55)

DIMENSION DSUM(165)

DIMENSION EEP(165)

DIMENSION EP(165)

DIMENSION E1(55)

DIMENSION E2(55)

DIMENSION E9(60)

DIMENSION L(61)

DIMENSION NEC(165)

DIMENSION NNPP(55)

DIMENSION PSIM(60)

DIMENSION SIG(165)

DIMENSION SIJ(165,60)

DIMENSION SIM(165)
DIMENSION SQ(165)

DIMENSION STR(165)

DIMENSION SUM(165)
DIMENSION U(55)

DIMENSION W(55)

DIMENSION YCE(55)

DIMENSION ZMTRX(60,60)

COMMON APH , BA
COMMON DEP 9 DEPM
COMMON EP _ E9
COMMON NEC , NNPP
COMMON S 9 SIG
COMMON SUM 9 U

INCREM

, RAPH , CA , CSM , DAPH

, DLAM , DMEW , DSUM , EEP

, KOUNT , KLU , L , MCOL

, NODE , NP , N3NO , PSIM

, SIJ , SIM , SQ , STR

, W , YCE , ZMTRX

N3NP=3*KOUNT
KT9=O
DO 102 J=I,NODE
N3=3_J
N2=N3-1
N1=N3-2
IF(CSM(J)-l,0)102,103,102
EI(J)=((SUM (N2)-APH(N2))-(SUM
1))-(SUM (N2)-APH(N2))/2,O)
E2(J)=(3,0_(SUM (N3)-APH(N3)))/((SUM
2))/2°0)
KT9=KTg+I
CONTINUE
NRW=3_KT9
NTOT=N3NP+NRW
DO ]0_ I=I_NP
EQ(1)=O,O

PSIM(1)=O.O

DO 104 J=I,NP

ZMTRX(ItJ)=O.O
FORMATION OF THE PSIM MATRIX

MK=I
DO 1 I=I_NODE

59

(NI)-APH(NI))/2,0)/((SUM

(NI)-APH(NI))-(SUM

(N1)-APH(N

(N2)-APH (N



2
3

1

I01

100

C
I0_

9
10

II

8

7

4

12

IF (W(1)) I,i,2

IF (CSM(1)-I.O) 3,1,3

LI:3"I-2

PSIM(MK)=SIM{LI)_DEPM

PSIM(MK+I)=SIM(LI+I)*DEP_4

PSIM(MK+2)=SIM(LI+2)_DFPM

MK=MK+3

CONTINUE

DO I00 I=I,NODF

IF (CSM(1)-I.O) 100,101,100

L1=3"I-2
PSIM(MK)=SIM(L1)_DEPM

PSIM(MK+I)=S[M(LI+I)*DEPM

PSIM(MK+2)=SIM(LI+2)_DEPM

MK:MK+3
CONTINUE

IF(KLU)I6,105,16

FORMATION OF THE

NQ=I

DO 4 J:I,NODF
IF (W(J)) 4,4,5

IF (CSM(J)-I.0)

L2=3*J-2

L3=L2+I

L4=L2+2

KY=NEC(L2)

D=

3)

SM

CA

Z _'_TRIX (UPPER LEFT)

6,4,6

5,0*(SUM(L2)-APH(L2))**2
I+5,0*(SUM(L3)-APH(L3) )*'2
J))

I,I

CA 2,2

CA 3 t3

CA 1,2

))-, 5"

CA(I,3
H(L4) )

CA(2.1

CA(2,3

H(L4) )

CA(3,1

CA(3,2

-8,0*(SUM(L2)-APH(L2))*(SUM(L3)-APH(_
+36,0*(SUM([I4)-APH(L4))**2 )/(4,0"

=((SUM(L2)-APH(L2))-,5*(SUM(L3)-APH(L3)))**2/D I
=((SUM(L3)-APH(L3))-,5*(£UM(L2)-APH(L2)))**2/D
=(3,0*(SUM(L4)-APH(L4)))**2/D

=(((SUM(L2I-APH(L2II-,5*ISUM(L3)-APH(L3II)*I(SUMIL3)-APH(L]SUM(L2)-APH(L2))))/D
=(((5UM(L2)-APH(L2))-,5*(SUM(L3)-APH(L3)))*(3,O*(SUM(L4)-AP

)/D=CA(lt2)
(((SUM(L3)-APH(L3))-,5*(SUM(L2)-APH(L2)))*(3oO*(SUM(L4)-A

)/D
=CA(I,3)

=CA(2,3)
DO 7 NZ=I,3
K6=O

DO 8 K=I,NBNO

IX=(K-I)/3+I

IF (W(IX)) 8,8,9
IF (CSM(IX)-I.0) 10,8,10

$9:0.0

K6=K6+1

KY=NEC(L2)
DO 11 KK=I,3

Sg=S9+SIJ(K,KY)*CA(KK,NZ)

KY=KY+I
ZMTRX(K6,NQ):-I.O*S9

CONTINUE
NQ=NQ+I
CONTINUE
CONTINUE
DO 12 IY=I,N3NP
ZMTRX(IY,IY)=I,O+ZMTRX(IY,IY)
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I

i

i

I

I
i

I
I
I

I
I
i

I

I
I

I

14

16

]9

21

2O

18

65

17

22

23

26

FORMATION OF THE Z MATRIX (LOWER RIGHT)

DO 14 I=I,NODE

IFICSM(1)-1.0)14,16,14

CONTINUE

GO TO 38

NRW=3_KT9

NAM=NBNP-NRW

NO=I

MZ=I

DO 17 LS=I,NRW,3

M22=NNPP(MZ)

BA{L5)=I.O

BA(L5+1)=E1(M22)

BA{L5+2)=E2(M22)

NX=O

DO 18 I=I,N3NO

IX=(I-1)/3+I

IF (CSM{IX)-I,O) 18,19,18

NZ=I

CQ=O.O

DO 20 LY=I,N3NO

J=(LY-1)/3+I

IF (CSMIJ)-I.0) 20,21,20

KZ=NEC(LY)

CQ=CQ+SIJ(I,KZ)*BA(NZ)

NZ=NZ+I

CONTINUE

NX=NX+!

NI=NX+N3NP

N2=NQ+N3NP

ZMTRX(NI,N2)=-CQ

CONTINUE

NQ=NQ+3

DO 65 J3=I,NRW

BA(J3)=O.O

MZ=MZ+I

MB=I

DO 22 KRW=I,NRW,3

M23=NNPP{MB)

HRW=KRW+N3NP

ZMTRX(MRW+I,MRW+I)=I.0

ZMTRX(MRW+2,MRW+2)=I.0

ZMTRX(MRW,MRW+1)=-El(M23)

ZMTRX(MRW,MRW+2)=-E2(M23)
MB=MB+I

FORMATION OF Z MATRIX {UPPER RIGHT}

NQ=I

MZ=I

DO 23 J3=I,NRW

BA(J3)=O.0

DO 24 L7=I,NRW,3

M22=NNPP{MZ)

RA{LT)=le0

BAIL7+1)=E1(M22)

BA(LT+2)=E2(M22)

NX=O

DO 25 I=I,N3NO

IX=(I-l)/3+l

IF(W(IX))25,25,26

IF(CSM(IX)-],O)27,25,27
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C

C

27

28

25

3O

24

32

33

36

37

3S

34

31

38

i

I

I

NZ=I

CQ=O.O
DO 28 LY:ltN3NO

J=(LY-1)/3+1

IF ( CSM(J)-I.0 )28,29,28

K_7=NFC(LY }
CQ=CQ+SIJ(I 9KZ)*BA(NZ)

NZ=NZ+I
CONTINUE

NX=NX+I

N2=NQ+N3NP
ZMTRX (NX ,N2 ) =-CQ

CONT I NLJE

NQ=NQ+3

DO 30 J3=I,NRW

RA(J3)=0.O

MZ:MZ+I

FORMATION OF Z MATRIX

NQ=I

DO 31 J=I.NODE

IF(W(J) ) 31,31,32

IF(CSM(J),-1.O)33 t 31 , 33
L2=3*J-2

L3=L2+1

L4=L2+2

KZ=NEC(L2 )

D= (5.0"( SUN (L2)-APH (

3 ) )+5.0" ( SUM ( L3 ) -.APH

SM(J) )

CA(l,1

CA(2,2

CA(3,3

CA(1,2

) )-. 5*

CA (I ,3

H(L4) )

CA(2,3

H(L4) )

CA(2,1

CA(3,1

CA(3o2

DO 34

K6=O

DO 35

= ( ( SUM (L2)-AP
= ( ( SUM ( L3 ) -AP

= ( 3. O* ( SUM ( L4

=( ((SUM(L2)-A

SUM( L2 )-APH ( L

=( ((SUM(L2)-A

)/D

=( ((SUM(L3)-A

)/D

=CA( 1,2 )

=CA(1,3)

=CA(2o3)

NZ=I,3

(LOWFR LEFT)

L2))*'2 -8.0*(SUM(L2)-APH(L2))*(SUM(L3)-APH(L

(L3))*'2 +36.0*(SUM(L4)-APH(L4))**2 )/(4.0"C

H(L2))-.5*(SUM(L3)-APH(L3)))**2/D
H(L3))-.5*(SUM(L2)-APH(L2)))**2/D

)-APH(L4)))*_2/D

PH(L2))-.5*(SUM(L3)-APH(L3)))*((SUM(L3)-APH(L3

2))))/D

PH(L2))-.5*(SUM(L3)-APH(L3)))*(3.0*(SUM(L4)-AP

PH(L3))-.5*(SUM(L2)-APH(L2)))*(3.0*(SUMIL4)-AP

I=I,N3NO

IXffi(I-l)/3+l

IF(CSM(IX)-I.O)35,36,35

CQ=O.O

K6=K6+1

KZ=NEC(L2)

DO 37 KK=I,3

CQ'CQ+SIJ(I,KZ)*CA(KK,NZ)

KZ=KZ+I

N3=K6+N3NP

ZMTRX(N39NQ)=-CQ
CONTINUF

NQffiNQ+I
CONTINUE

CONTINUE

SOLUTION OF THE SIMULTANEOUS
S:O.O

LINEAR EQUATIONS
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39

40

42

L+3

45

46

44

48

47

50

49

56

57

63

53

64

55

66

54

52

M:IMEQF(NP,NTOT,I,ZMTRX,PSIM,S,E9)

IF(M-2)41,40,39

WRITE (6,42)

CALL EXIT

WOlTE (6,43)

CALL EXIT

FORMAT(18H ZMTRX IS SINGULAR)

FORMAT(9H OVERFLOW)

MN=I

DO 44 K=I,NODE

IF(W(K))44,44,45

IF(CSM(K)-I,O)46,44,46

DSUM(B_K-2)=ZMTRX(MN,I)

DSUM(3*K-I)=ZMTRX(MN+I,I)

DSUM(3*K)=ZMTRX(MN+2,1)

MN=MN+3

CONTINUE

DO 47 K=I,NODF

[F(CSM(K)-l.0)47,48947

DEP(3*K-2)=ZMTRX(MN,1)

DSUM(3*K-1)=ZMTRX(MN+I,1)

DSUM(3*K)=ZMTRX(MN+2,1)

MN=MN+3

CONT I NLJE

DO 49 I=I,NODE

IF (CSM( I )-I,0 )49,50,49

IC=I

DEP(3*IC-I)=EI(IC)*DEP(3*IC-2)

DFP(3*IC)=E2(IC)*DEP(3_IC-2)

FP(3_IC-2)=EP(3*IC-2)+DEP(_IC-2)

EP(3*IC-I)=EP(3*IC-I)+DEP(3*IC-I)

EP(B*IC)=EP(3*IC)+DEP(3*IC)

CONTINUE

DO 56 I=I,NODE

IF(CSM(1)-I,O)56,57,56

CONTINUE

GO TO 58

DO 63 I=I,NP

PSIM(I)=O.O

E�(I)=O.O

DO 63 J=I,NP
ZMTRX(I,J)=O.O

Q=524288.0

Q=I.O/Q

NR=I

DO 52 I=I,N3NO

NC=I

IX=(I-1)/3+1

IF (CSM( IX)-I.0)52,53,52

IF(SUM(I )) 64,52,64

DO 54 J=I,NBNO

JX=(J-1)/3+I

IF(CSM(JX)-1.0)54,55,54

IF(SUM(J)) 66,54,66

KX=NEC(J)

ZMTRX(NR,NC)=SIJ(I,KX)_Q

NC=NC+I

CONTINUE

NR=NR+I

CONTINUE

63



_9

6O
62

5Q

NRWI=NR-1
S=l,O
M=IMEQF(NP,NRWItI,ZMTRX,PSIMtS,E9)
IF(M-2)58,59960

WRITE (6,61)

FDRMAT(SH OVER)

WRITE (6t62)

FORMAT(19H NWMTRX IS SINGULAR)

CONTINUE

RETURN

END
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$ IRFT

C

C

C

61

62

63

C

1

2

3

£TREPP LIST,REF

STREPP PROGRAM

STRESS METHOD - PREDICTOR PROCEDURE

DIMENSION APH(165)

DIMENSION RA(60)
DIMENSION BAPH(165)

DIMENSION CA(60960)

DIMENSION CAPH(165)I
DIMENSION CSM(55)

DIMENSION DEP(165)

DIMENSION DLAM(55)

DIMENSION DMEW(55)

DIMENSION DSUM(165)

_IMFNSION F](55)

DIMENSION E2(55)

DIMENSION E9(60)

DIMENSION EP(165)

DIMENSION L(165)

DIMENSION NEC(165)

mIMENSION NNDp(55)

_IMFNSION Sir(165)

DTMFN£TON £IJ(]_5960)
_IMENSION SMC(60)

DIMENSION SMC3(60)

DIMENSION SQ(165)
DIMENSION SUM(165)

DIMENSION SUMl(165)

DIMENSION X(60)

DIMENSION YCE(55)

DIMENSION U(55)

COMMON CA

COMMON N_NO , NODE

COMMON STM , SIJ

COMMON NFC , U

COMMON YCE , DLAM

COMMON SMC, SMC3, EDt

COMMON NCOUNT , CAPH

, MCOL , CSM , APH . DFPM

, DEP , SUM1 , NNPP , L

, EP , SQ , DSIJM , BAOH

, DMEW , SUM , El , E2

INT, XLR

, BA _ S , NP , KLU

67

EQUIVALENCE (CA,X)

PAUSE 1

REWIND 9

READ(5,319) IRSTRT,RMLDX

XLB=RMLDX

IF(IRSTRT)60,60,61

READ(l]) APH,'_A,I_APH,CA,CAPH,CSM,DEP,DLAM,_MFW,DSUM,rl,_2,_9,F_,L,

NEC,NNPP,SIM,SIJ,SMC,SMC3,SQ,StJM,SUMI,X, U_D_E,GNU,

IAV_IL,INT,IRFC,KLU,MCOL,NCOMP,NOI)_,PM,PCRIT,._IGO,T,Z,
ZFL,DEPM,S,TFST,G,MCOUNT,YCE

NP=MCOL

N3NO=NCOMP
KK=INT

IREC=O

K=KK

N=I

WRITE(6,320)

WRITE(6,321) INT,SIGO,E,GNU,DEPM,D,T,XLB

IF(XLR/PM -],0)62,62,6_

KTRAN5=2

GO TO 232

_TRANS=I



60

90

Q]

92

9_

94

q5

GO TO 232

READ(St322) NODE,NCOMPgMCOL, INT

KTRANS-1

N3NO=NCOMP

NP=MCOL

_FAD(B,323) SIGO ;E.-GNU_ZFL

N =0

CALL SETAPE (9_2)

RFAr) (9) (£IM(I),I=I,NBNO)

R_'WI ND 9

ALPH=O.

r)o 90 I=I,NODE

APH ( 3,I-2 ) =ALPH

APH ( 3"I-1 ) :ALPH

IAVAIL=I

IREC=O

DO 91 K=I,NODF

tJ ( K ) =0,

DLAM ( K )=0.

r)MFW(K):O.
YCF(K)=O.

MCPLI=MCOL+I

DO 92 I:I,MCPLI

LII):O

DO 93 J=I,N3NO

APH(J)=O.

_APH(J)=O.

DEPIJ)=O.

D.£UM(J) =0.

FPIJ)=O.

£Q(J)=O.
SUM ( d ) = 0 .

NFC(J)=O
TFST=O.

PM=O.O

K=I

qO 94 f=l ,NOrbF

NNPP (I )=0

CO,M( I )=O.C)

I-_FP( q_I-2 } =0.0

r')FP(3*I-I)=C).O

II(f)=O.

IF(N)65,65966

N =.I

RF'AD(5,324)

1")2=D/.qQR T ( 3

',,,'r'4[ T E ( 6,320

PMAgDFPM,D,T,XLBtKLIJ,NR_TRT

.0)

}
WRITE(6,313) INT,SIGO,E,GNU,DEPMtD,TtXLB

90 95 J=I.NODE

NB=3*J

NP=N3-1

Nl=N3-2

ZIG2=SIM(N1)_PMA

?IG3=SIM(N2)*PMA

?IG4=SIM(N3)*PMA
YCF(J)=((ZIG2-ALPH)**2)-((ZIG2-ALPH)_(ZIG3-ALPH))+((ZIG3-ALPH)_*2)

+(3.0*(ZIG4**2))
R=O,O

DO 96 I=I_NODE

68



) I

96

97

_O

68

67

0

69

66

34

116

1lS
117

124

7_

72

98

1

2

3

1

2

R=AMAXI{YCE(I ) ,R}

DO 97 I=I.NODF

IF(YCF( I }-R}97,20,97

CONT I NI,JE

N!=I
[/{I}=I

I F (KLU )67,67 )68

CcM( I }=I,

,_!NPP( 1}=I

B=-I.O_((((ALPH-gQ(B_N1-2})_(2.0_SI_{(3_N1-2)-SIM(B_NI-1)})+((ALPH-

<_(3*N1-1}}*(2.0*SIM(B_Nl-1)-%IM{B*Nl-2}})+{6.0_SI_{_N1}_(-1.O_gO
(I*N1)})}/((SIM(3*N1-2}**2)-{SIM(3*N1-2}*SIM{3*NI-1)}+(SIM(3*NI-1)

**2)+(3.0*(SIM(B_N1)_2))))

CI=((ALPH-SO(3*N1-2))*_2+(ALPH-SO(3*NI-1))_*2-(ALPH-SQ{3*NI-1}}*(A

LPH-SQI3*N1-2))+3.0*(-1.0*S_(3*N1}}*_2-SIGO*_2)/({£IM(3*N1-2}*_2)-

{{£IM(3*N1-2)}*{SIM{B¢_N1-1)}}+{SIM{3*N1-1)**2)+{B.O_*qlM(B*N1)*_2})
IF(PMA)6Q,60,70

PCRIT=((-I,_B)+SQRT(B_2-a,O_CI))/2,O

GO TO 71

GO TO 71

RFAD{5)324} PMA) DEPM)D,T, XLB)KLU)NR£TRT
GO TO (33,3&) )KTRANS

_O 116 II=I)N3NO

nAPH(I[ }= ADH{II }

DO 117 I=I,N3NO

_G= 0,0

DO I]8 J=I,N3NO

NT={J-])/1+]

IF(U(NT))31)ll8)31

_O=NFC(J}

SG=SG+ 5[J(I,KQ}_EP(J)
CONTINUE

SQ(I}=£G

DO 124 IK=I)NODE

C£M(IK}=O.

I)(IK)=O,

NNPP(IK)=O

MCOUNT=0

KTR_NS = ]

K = KK

N=I

[F(PMA)72,T3)72

REWIND 9

D_tlgC 2

C_LL EXIT

WRITF(6,312}

WRITE(6,320)

WRITE{6,313) INT,SIGO,E,GNU,DEPM,D,T,XLB
DO g8 I=I,NODF

N3=3"I

N_=N3-1

N]=N3-2

£IGI=SIM(N1}*PMA+SQ(NI#

!TG2=SIM(N2)_PMA+_Q(N2)

¢IGB=SIH{N3)_PM_+SQ{N3)
_A_HI=APH(N1)

nADH2=&PH(N2)

RADH3=APH(N3)

YCE(I)=((SIG2-RAPH2)_2)-((£IG2-BAPH2)_{SIG1-BADH1) }+((qIG1-BAOH1)
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C

C

99

I00

7z_

76

75

78

77

7]

80

A1

]ql

7g

4].

102

q_

_q7

In_

1

2

1

2

3

*_.(-2)+ (3, O* ((£1G3-RAP!_3)**2) )

P=O,O

DO 99 I=I,NODF

p=AMAXI(YCE (I),R)

DO 100 I=I,NODF
? C I vrF- I T )--D )Ir_t_,--lL- l _

CC'!,', T I NI IE

_.'.! = T

IF(KI I.!)75,75,76

C£M( I )=I •

_.',N_P ( 1 ) : T

N2:_*NI

_! _ =N 2- 1

N4:N 2-2

P_APH 1 = ADH (N4)

nAPM2=APH (N3)

RAPH3=APH IN2 )

n:-l,N+( ( ( (PADH1 -£Q(3*N1-2) )*(2,O*qI M(3*Nl-2 )_C. IM(3,NI_'I_ ) ) )+( (qAD

t-H9 -g()(3*N1-l) )*(2,O*glM(3*N]-I)-£IM(?*NI-2) ) )+(6,0*glM(q*_l)"x-(_A_
H3 -gQ(3*N1)) ) )/( (£1M('_*NI-2)**2)-(SIu(3*_-r'4]-2)_'gt _(3*Nl-1) )+(_[M(_

_N1-])**2)+(3,0*(<I:'-_(g*N1) _"2)) ) )
C]=( ( (_APH1 -AQ(3_-N1-2') )_*2+(EAPH2 -£Q('?,*NI-1 ) )_-'2)-( (_APH2 -SO(3*

NI-1))*(_APH1 -5O(3*N1-2)))+((3,,O*(DAPH5 -£Q(-_*N1)) **2)-SIGO**? ))

/((.SIM(3*NI-2)**2)-((SIM(_'_NI-2))_'(_II4(_x-N]-!) ))+(%IM(3*NI-I)**2)+

(3,0*SIM(3*NI)**2))

IF (PMA )77 ,77,78

PCR I T=( (-1 • *P, )+qORT (_ _-2-z+, n_Cl ) ) /2,0

c-,O TC) 71

PERI T=((-I,;_q)-qORT(R_2-4-,m'K'CI)) /2,n

TF(PCRITIr>_A) 7c),_O,_O

IF (T F-.£T) 79,7o,£]

l,,pITP (A, qnR )

WRITF(6,q09 )

r_o 10] .J:l ,NOrhc

RFCT1 =(SO(3*J-2)-GNt;_,gQ('_*J-1))/F+EPI_*J-2)

RF&T2=(£Q(t*J-1)-GNtJ*£O(q*J-2) )/F+FP(3*J-] }

RFgTI=2,A*(],n+GNII)-_(-£Q(3*J) /E+EP(3*J)
wr,'ITm(6,ql q ) J . c.C)( 3" J- l ) , C,(j ( __,"J- 1 ) , gQ ( g* J ) . r_F ?,T ] ', R.E gT 2 ', RF r"T 3

C©NF TN[IF

IF(XLP)41,7B,41
TCCT=].n.

PM=Pt'P IT

rbA lqP J=l ,N_MCi

¢,1IM ( j)=m I M( .j ) .pM+C.Q(j)

_OlJ)=O.O
£L.IM 1 ( J ) =SUM ( J )

7=£IG0.-2
G=F/3,,O

DM=PM+r)EPM

TF(ARS(PM/DEPM) - 1,0)85,.85,86

k" = I<'K

NC(3[INT:O

f _=c_

TF(KLI_187,£7,PP

nO IO'_ I=l ,NOr)l=

TF (NNPD( I ) ) 2P, ln3,22

CONT Ir,)UF

CALC. NODAL STRESgES FRO_4 INPUT MATRICF£ SiP AND. SIG
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I

I
t

I

I

I

2"4

lOa

200

2O2

20B

2O7

120

705

17!
906

201

106

105

24

107

2O4

22

25

7On

_6

J=l

DO 104 I:I,NODE

Tc(U{T)) 73,10497q

.]7:3"I -2

JR=.J7+I

,]O=.J"7+")

L{J)=J7

L{J+I )=J£

L(J+2}=J9

.]=J+3

rr)NTINUE

L.(J)=g99

q,'_ ].05 J:I,NtNO

cG:O,O

DO 106 I:] ,MCOL

T'f:LfT}

f _ ( L ( I )-099 ) 200

TF(N=C{II ))201,

[ ¢ ( ! AV,_ [ L-M(TOL )

f II=II-I-TRFC
TF(I I I }205,206",2Q7

DO 120 .JJ=l,IfI

RPAD (9)

GO TO 206

III=(-l)*III

DO 121 JJ:],IIl

m_CK_DAC_ o

,]05,900

202,201

90q,20_,2n4

TRFC=[T

NPC{TT}=T_VaTL

TAVA[L=IAVAIL+I
GO TO 200

NN=NECIil}

£G=SG+SIJ(J,NN)*DEP{II)

£O{J)=SG

qTFST=IO**IO

DO 107 LX=I,N3NO

_L.IM(LX}:qQ(LX}+qlM(L×)*DEPM
£tJMI(LX)=<tlMI{LX)+D<IJM(L×)

IF{SIJMl{LX)-qTFZT)lQ7,107,24

WRITE(6,3]7)
CaLL _×TT

CONTINUE
._0 TO 1o9

WRITF(6,311)

CALL FXIT

mO 108 IQ=I_NODF

fF{tJ{IO}}25,108,25
NCOUNT:NCOUNT+I

CONTINLIE

! F { NCOUN T-MCOUNT ) 208 , 209,208

MCOI]N T= NCOUN T

.J=]
_0 109 1=I ,NOn_

TF(U{I) )26,100,26
,]7=!'I-2

J8:3"I-I

.]9=3"I

L{J)=J7

71

READ (Q} {SIJ{JJ,iAVAIL},JJ:I,N3NO}



l,qQ

71!

214

_Ir4
I_?

_I_

I?_

217

?I_

II0
7_c_

?7

III

770

223

I (J+!):.JFB

L_J+2):J9
.l:.J+g

CONTIN_;E

I_ ( J ) =OO9
mr_ I !n t:1 _,4rr_,

,,J i ,J • i - ",_ k._ i._

IT=L(1)

IF(L(I)-999) 211,20_;9211

IF(NEE( I I ) )21392]z_,21

tF(IAV_,IL-MCOL)215,215,2nU

T I I=TT-l-fr@=c

fF(III)216,217,218

mO 1?2 J.J=],TTI

p F A.r) (O)

r_C_ TO 717
tfl=(-! )*fit

r_n 19S JJ=1,fIl
_ AC_'cPACF o

PFAO (g) (S[.J(JJ,IAV._IL),_JJ=I,,,NBNO)

I PFE= I I

NFC(II)=IAVAIL

I AVAIL: I AVAI L+I

GO TO 211

NN:NFC( I I )

CONT [NtJF
CALL PPR

c T _£T= 10*-x'- ] n

_O 11]. JX=I,,,NINO

IF( gUUl (JX)-_TFqT ) ] ].l ,11 ] ,27

WPITF(6,JB] 7)

CALL FXIT

EONTINL]E

COMPUTF YIELD CONr)ITION EQ(jATION

DO 112 I:] ,NODF

IF(CSM(1)-I.)28, 112,28

N"4= ':i>.I

N P =N'B-'[

NI =N_-?

YCF ( I ) : ( ( SLIM1 (N1)-APH ( N1 ) ) **2 )- ( ( SLIM1 ( N1 ) -ADH ( N1 ) )_ ( qtJMl ( N2 ) -AnH ( N
2 ) ) )+( (SUM1 (NP)-ADH ( N2 ) )*'2 )+3. O_ ( ( St IM] (N3) -APH(N3) )**2 )

, [YIELD CON)ITION EQUATION TEST

IF(YCE(I )-Z)112,220,?20

II(1)=I

IF(CgM(I )-I.0)221,112,221

TF (KL_U 1222,2P2, ? 2"4

CSN( I)=i.

GO TO 112

< 1 :T"-( (ABS( S_.JM1 (

q2=T*( (ARS(SUMI(

S3=T*( (AiT,_S (SL,MI (

QTIG:SO#T( ( (<tIM!

(N3)-APH(N3))**2
Vl= (gU+'4] (N1 )-APH

V2:(qUM1 (N2)-APH

VS=(<t.lVl (N3)-APH

C:((V]'*2)_%l}+(

3*I-2)-SAPH(3*I-2) )ID)_,'-*(T-I.O))ID

%*I-1 )-RADH(3*I-I) )Iq)**(T-I.C)) )llh

3*I)-_A, DH(3*I))/D2)**( F-1.0))/02

(N2)-AI:)H( N2 ) )*.2 )+ ( (c._m_l (N i )--Ar)P_(f"l )

))

(N1 ) )IQZ IG

( N2 ) ) IL;Z I G
(NB))ICJZIG

(V2"'2)*$2)+((V3"'2)*$3)
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i

i 11P

|
i 22z,))6

I 9,_7

| '2
I 'C

C
C

IcCC
C

C

i 9p5

I

m llZ_

C_M( ! )=C

rbqlJM(N1 )=SIJM1 IN1 ]-gUM(N1]

rlqlJM(N?)=SLJMIIN2)-SUM(N2)
r') _UM ( N"_ ) : SUM1 (N3)-SdM(N_,)

('C)NT I_,!tJ_

r)o 11_ I:I.NODE

NN:'_* I

NNN:NN-1

NNK=MN-2

IF (C_M( I )-1o0)224,225 _224

IF( YCF( I )-Z )226,227,227

r)FD ( MNK ) =O.0

DFP(NNN):OoO

,_FP(NN) :O,O

_0 TO 113

F= ( ( ( S_lr,.4( I',!t,._k")-AroH ( NF'.Iv ) ) * ( D c,I!M ( MMK" ) - ( D_P'A ( MMM ) ) /2 • q ) )÷ ( ( C,IIM ( IX!Mk_)-Ap

1-4( NNM ) ) * ( F'}5,LP,'_( _',_KtF.I) -- ( rbS[Jt'.'* ( _',IM,k") ) / 2 • 0 } ) + ( a, • (")_ ( q[JM ( _.!kJ) -APH ( MN ) ) * ( De.t !M (

MN))))

r_LAM (I ): ( ? • O-x'C£M ( I ) )*F / ( (5. n* (St ;N(NNK )-APH (NNK ) )**2 )- (8. r),(SUM (N NK

) -APH ( NNK ) )* ( c.UM ( NNN ) -APH (NNN) ) ) +( 5,0_, ( SIJM( NNN)-ADH(NNN) )*-2 ) +( 36
,()-x- ( SUM, (NN) -APH(NN) )**2) )

DMEN( I)=F/( ( (£tJN(NNK)-APH(NNK))*'2)-((SUM(NNK)-APH(NNK))*(£tlM(NNN)
-_-'_DH (NNN)))+( (StJM (Nh!N)-APH(NNN))*-2 )+(3,0*(.£UM(NN)-APH(NN) )**2) )

!F(DLAM( I ) ) _26,2_6,2_._

COMPLJTE THE r')_-LTA FPqILONq

F)FD ( NNk" ) : 9,0"_ ( ( £U M ( MMk" ) -Z_ PN ( MMk: ) ) - ( S[J M ( NrqN ) -a OH ( N h!r'! ) ) /2 • (_) -x-DI. a _'_( I )

DEPINNN) =2,,0"( (SUM(NNN)-APH(NNN))-( .gUM (NNK)-APH(NNK)) /2,O)*DLAM( [ )

F)FP(NN)--6,,O*((S_JMINN)-APH(NN)))'X'DLAM([)

COMPI1TF THE mPLTA ALPHAq

rhAPH 1.= ( SUM ( NNK ) -APH ( NNK ) ) *[')MEW ( I )

DAPH 2: ( SUM ( NNN ) -APH ( N,"IN ) ) *DMEW ( I )

r_APH!=(SUM(NN)-APW(NK!) )*rhMcW([)

CALCULATF ALPHA £IJM£

APHINNK)=APH(NNK)+DAPH1

APH(NNN)=APH(NNN)+DADH2

APH(NN)=APH(NN)+DAPH3

CALCULATE EPSILON SUMS

FP(NNK)=FP(NNK)+DFP(NNK)

Fm(NNN)=ED(NNN)+DEP(NNN)

_D(NN)=FP(NN)+q_P(NN)

ClIM(NNK)=_[JMI(NMK)
Ct!M(NNN)=SUM1 (NNN)

¢l)t4 ( NN ) = £1 IN 1 (kiN)
_ONTTNtJE

mO ll& J:!_MOmV

N?=N!-I.

N]=N3-2

TF(U(I))I]_?9_I]A
£t'M(N1)=SUMI(N1)

£IJM(N2)=SI;MI(Ng)

CtlM(N3)=qLJMI(N3)

CONTINIJE

73



C

C
C

qA

929

230

1

2

231

II_

233

llq

&4
1

2

3

THF TFqT FOQ OFRFFCT PLA_TICIT.Y

tP" ( 7rL ) qS,BA,'_6

qO l!S I=1 ,NOrb,=
To(U( I ) )1 ]5,11S, P?O

I F(KLU)230,2"_O,'_l

FLOW=(APH(3 _I-2)-RApH(3 _I-2) )*_'2-(APH(3_ ¢,_I-Z)-bAPH(3 _I-2) ) W(Ap_-i( 3 _I

-1 ) -£APH ( 3 -x"I -1 ) ) + (APH ( 3-,_ I -1 ) -BADH ( 3_ I -1 ) ) _'_2+ ( ], 0 * ( APH ( 3* I ) -B D,DH ( 3

• I ) )_--_2 )

IF(ZFL-FLOW)2"_l,23],] 15

CCM( I )=I,

Th=Ta+]

NNPD(IA,) =T

CONTIN{JE

IF( K-KK ) 234,2_,?'R4

_=K+I

KTRAN.£=2

_,sr_I T_(6, %25 ) pM_ q

WR ITF( 6,301 )

WP I TF ( 6,3n2 )
WPITF(6,3')O) (J,'-Ll_41(3_J-2),£UM](3_J-]),._[I._](3#J),J=l,Nr3r_E)

rh_ IlQ 1'=1 9NOr',F

A=- I

TF(I_( I)-A ) ! !O_'_3,,110
WRITF(6,114 )

VRITF(6,3]5) I ,CSM( I ) ,r')LAM( I ) ,r)MFW( I )

WRITF(6,306 )

N2=Nq-1

N] =N3-2

rDAPHI=(SUM(N])-APH(N1 ) )_-r)MEW( I )

DAPH2= ( .£UM( N2 ) -APH ( N _ ) ) *r)MFW ( I )

DAPH3=(SI._M(N3)-APH(N'_) )*r)MEW( I )

WPITE (6,'_n5) F)ADHl,[b_PH2,DADH3_DFP(N]),[.'.FP(_.12),F)!:P(N'_)
WP I T#( 6,3_7 )

WPI T¢'(8,'_05 ) AD# ( r_ll ) 9 ADH ( 5_2 ) _ADH ( f'._'_ ) ._ r::P ( M ] ) .CD ( N9 ) ._ FD ( Mq )

WPITF(6,316)

FP"P]=( (£tIM1 (N'[)- (ClJM1 (N2)) /q,O) /F)
EFP2=( (SteM1 (N2)-(StY_I (N1))/3,0) /E)

FFP3=3,O_(.£11MI (N3)) /F

_-Te 1 =FO ( N1 ) +EEPl

_TP2=FP ( N2 ) +FFP2

CTR3=FP ( N3 ) +EFP3

WPlTF (6,305) STR 1 , STR2 , STR3,EEPl ,EEP2 ,EED"_

CONTINUE

K=K+I

KK=KK+INT
GO TO (83,42) , KTF4AN£

f #" ( NR STr'4 T ) 66,66,4z_

WDITV(]O) _DH,mA_DADu,r'AICADH,C._M_F_cD,r_LAM,rhMcw,rhc, II_#_CI_C2,cQ_cD,

L ,N_C, NNDD _ £ IM, S I.; , qMC, qMC.3 , R©, c[l_ , 51P41 , X, U,D,F,GNU,

tAVA I L , INT, IRFC ,KLtJ, MCOL, NCOMP, NODF ,P_4, PCr4 IT, £ IGO, T ,7 ,

ZFL _,r')FDM ,_ ,T P £T, G ,MCOI INT, YCF

PAtlcr r ,9

r z_I_L_ FYIT

74



i

I
I

I

I

I

_00

"4r! 1

_02
"405

306

307

308

3r3q

ql'4

315

716

317

_21

_23

_25

FOPMAT(IH ,6X, 13,2X, E16.8,3×, EI6.B,3×,F16.8)

F©PMAT(/ PIX,!7H FLEMENT STRF_SES, / )

mO._MAT (12HOELEW_ENT NO. ,7X ,TH£ IGMA-X, IZ+×, TH£ IGMA-Y, 12× ,THTAII-× ,V)

F©_MAT (8X, E 16.8,3× ,E] 6.,8,3X ,El 6.8,3X, F-16.8, "_× •F 1F_. R, _×, El6 .R )

FORMAT(IHO,gX,13HDELTA ALPHA-X,6X,13HDFLTA ALPHA-Y,6×,I2HDELTA GAM

-XY,7X,IOHDFLTA EP-X,gX,IOHDELTA EP-y,c) x,]2HDELTA GAM-_(Y)

FORMAT(IHO,gX,IIHT©T ALmHA-X,SX,11HTOT ALPHA-Y,SX,12HTNT ALmHA-XY,

7X,12!-IPLAF_TIC FP-×,7X,12HPL#C_TIC FP-Y,7X,lZ+HPLASTIC GAM-×Y)

FORNAT(20X,17HRESIDUAL STREg£ES,Z+1X,16HRESIDLJAL STRAINC-)

FORMAT (8 HOELFMEN T ,6X, ]HX, 18X, I_HY, 18X ,2 HXY, 2_×, ?.FIX o 18X, ] MY 91£'_, 2N×Y
)

FORMAT 1Hr), I 2,q_lO.e ,!X, _1.0, R)
FOPMAT ]9H]ALL OIJT OF COLt.JUk'_)

FORMAT lHO,99Hl.INLOADING CYCL_ qFGIN _ )
FOf_MAT 1Hq(IIO,RF15°6) )

FORMAT 13HO ELEMENT NO,,9X,]HC,19X,7HDLAM .,16X,3HDMtJ)

FORMAT 5X, 12,8Xt EI6.8,5X, EI6.R,SX,E!6.£)

FORMAT 1HO,IOX,lr)HqTRAIN - ×,9×,IOH£TRAIN - Y,9×,IIHr_TRAIN - XY,7×

,12HFLASTIC EP-X,TX,12HELAC_TIC EP-Y,7X,IL+HFLASTIC GAM-XY)

FORMAT(47HO ELFMEf,IT C_TRE_mEm ARE TOO BIG° DISCONTINUE JOB)

FF_rOMAT (15,E15.7)

FORMAT(6HIlNPUT, / 7X,3H INT, 11X,4HSI GO, 14X, 1HE, 13X, 2HNLJ_ 11X ,Z+HDELP 9

14X, !HD, 14X, ]HT, lQX, 5HRMXLr))

FOrMaT(lilts( I] O_,RE15,_) )

F_I_MAT ( 5 [ 1 q )

FORMAT ( 5 F15 e 7 )

Fr_qMAT{r"F]6,7_ I? 913)

FORMAT(1THO LOAD LEVFL ,P =,FlO,O95X,12HDFTERM[NANT=_,E16,8)

_'Nm

SUBROUI INE--SEIAP--E INUN IX.,NEI L E )

DATA SIGNAL /0111111111111 l

REWIND_.9

NSET=NFI LE-1

IF (NSET-I 3_,3,4

4 DO I I:I,NSET

2 R EAD__Lg.L_X.

IF(X-SIGNAL)2, 1,2

I.........-CO N.T.I NU E

3 RETURN

..................... END

I

I

I

I
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$ Im#T C

6O6

1

6O5

105

SUBROUTINE PPR

PDR LIgT,RmP

£URROUTINF PPR

QTMFNSION APH(165)

bIMFNSION Ra(60)

_TMFN£TON RAPH(165)

DIMFNSION CA(60,60)

DIMENSION CAPH(165)

DIMENSION CSM(55)

DIMENSION D_P(165)

DIMENSION D[.AM(55 )

DIMENSION D_CW(55)

_IM_NSION DSI)M(165)

DfMFNSION E1(55)

DTUCNqTON F2(55)
DIMENSION E9(60)

OIMFNSION EP(166)

DIMFNSION L(165)
DIMENSION NEC(165)

DIMENSION NNPP(55)

DiMENSiON SIM(165)

DIMFNSION S[J(165,60)

DIMENSION SMC(60)

DIMFNSION SMCB(60)

_TMFNS[ON £OllI&_)

DIMFNSTON SUM(J65)

DIMENSION £[I;MI(165)

_IMFNSION X(60)

DIMFNSION YCF(55)

DIMENSION U(55)
COMMON CA

COMMON N3NO 9 NODE

COMMON sIq t SIJ

COMMON NEC _ U

COMMON YCE , DLAM

COMMON SMC, £_'C'%, Fg,
COMMON NCOUNT , CAPri

FOUIVALENCF (CA,X)

KOUNT=O

r_o 605 J=],NOF)F

Ng=t*J

N2=N3-1
Nl=N3-2

IF (CSM(J)-I,0)605,606,605

, MCOL

, DEP
, EP

, DMEW

INT, XLR

, CSM

, SUM 1

, SO

, SUM

, S

, APH

, NNPP

, DS[JM

, E1

, NP

, DFPM

, L

, BAPH

F2

, KLU

77

EI(J)=((SUMI(N2)-APH(N2))-(SUMI.(N1)-APH(N1))/2,0)/((SUMI(N1)-APH(N
1))-(SUMI(N2)-APH(N2))/2oO)

F2(J)=(3,0_(SUMI(N3)-APH(N3)) )/((SUMI(N1)-_PH(N1))-(SUMI(N2)-ADH(N
2))/2,0)

KOUNT=KOUNT+I
CONTINUE

NRW=_KOUNT
NCL=t*KOUNT

DO 603 J=I,NRW

cA(I,J)=O.O

IF(KLU)110,111,110

NY=I

130 I04 I=I,N3NO

J=(I-1)/_+l

IF(CSM(J))105,104,105

IF(CSM(J)-],O)104,106,]04



C
C
C

C
C
C

].F),_

1,98

109

107

lOa

]I0

701

700

77_

I02

2O2

201

101

779

6_0

qMC2=O,O

DO I07 LY=] ,NB_,_O

J=(LY-1) /%+1

IF(CgM(J) ) 198, in7,10£

IF(CSM(J)-I,O) I09, !07,109

K W=NFC ( LY )

SMC2=SMC/+5 IJ (

CONTINUE

5MC3 (NY) =,S!,'C2

NY=NY+I

CONT f NtJF

I,KW)_DEP(LY)

FORMATION OF THE <IM COLLIMN MATRIX

M<=]

P.O 700 J=I,N05#

IF(CSM(J)-I,O)700,70] ,700

NAN=Z'_J-2

SMC (MK) =S IM (NAN) _DEPM

SMC(MK+I)=SIM(NAN+I)-_OFPM

SMC(MK+2) :5I M(NAN+2)-_D!mpM
MK=MK+3

CONTINIJF

ADDITION OF THF SMC1 AND THE £MC3

gO 773 K!=I,NRW

£MC(KI)=SMC(KI)+SMC_(K])

NO=]

MZ=]

DO 630 L2=I,NRW,3

M22=NNPP(MZ)

_AIL2)=I,O

RA(L2+I)=E1(M22)

GA(LR+P)=c2(M22)

NX=I

XIDNT=-7,O

nO 101 I=I,N3NO

IX=IT-I)/3+1

IF(CgM(IX)-I,O)IOI,I02,101

NZ=I

%MC4=O,O

DO 201 LY=],NZNO

J=(LY-1)/3+I
IF(CSM(J)-],O)2C],202,20]

KZ=NFC(LY)

SMC4:SMC4+SIJ(I_KZ)*B#(NZ)
NZ=NZ+I
CONTINUE

CA(NX,NQ)=-],O*SMC4_(IO,O_XIDNT)
NX=NX+]

CONTINUF

NO=NQ+3

DO 779 J3=l tN_W
BA(J3)=O,O

MZ=MZ+]

MR=I

nO 631 KRW=]_NRW93

M23=NNDP(MR)

CA(KRW+I,KRW+I)=i,O

78
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i

I
I

I

I

I
I

I

I

631

18

].o
20

250

777

77

74

7q

75

CA (KPW+2 tKRW+2 ): 1 ,0

CA(KRW,KRW+I)=-I,O*F] (M23)

CA (KRW,KRW+2) =-I • O*FP (M23 )

M_a=M_+I

<OLUTION OF THE SIMULTANEOUS LINEAR

(NP ,NRW, 1 ,C_A, oMC_.,.__ ,E9 )

e

5:I,0

M: I,MEQF

GO TO (20,13,15), M

WPTTE (6,18)

CALL FXIT

FORMAT(gH OVFRFLOW)

WPITF (6,10)

CALL EXIT

FORMAT(15H CA IS SINGULAR)
DO 250 K6=I,NRW,3

X( K6 )=X ( K6 )_( 10, O*_X I DNT )

DO 777 J3=I,KOUNT

IC=NNPP(J3)
DEP (3-I C-2 )

DFP (3-I C-I )

DED ( 3* I C ) :E
EP ( 3-I C-2 ) =

FP(3*IC-

EP (3*IC )

mO 7"% T :

SG=0,0

DO 74 J=],N'_,!O

N=(J-I)/3+I

IF (CSM(N)) 77,74,77

KQ:NEC(J )

£G:SG+S I J ( I ,KQ ) *DFP ( J )
CONTINUE

£O( I ):£G

D075 LX:I ,NtNO

DqUM (LX) =.£O ( LX ) +£ I,M( Lx)*r)FPM

SUM1 (LX) =SUM1 (LX) +DSU_ (LX)

CONTINUE

RFTURN

END

=X(3*J3-2)

:EI(IC)_DFP(3_IC-2)

2(IC)*DFP(3_IC-2)

EP(3*IC-2)+DFD(3_IC-2)

1)=FP(3*IC-1)+DFP(3_IC-I)

=EP(3*IC)+DFP(3*IC)

],N_NO

FOUATIONS

I

I
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$ IRFT

3

61

62

63

STRAIN PROGNAM

STRAIN LIST,RFF

PAUSE 1

RFWIND 9
INTEGER U,W

COMMON ALPHA(165)

COMMON CSM(55)

COMMON DE(i65J

COMMON DELP

COMMON DEPC165)

COMMON DSIGI]65)

COMMON DSSI(165)

COMMON F(_,3)

COMMON El

COMMON EI(3,3)

COMMON GNU

COMMON KLU

COMMON MCOL

COMMON NCOMP
COMMON NEC(165)

COMMON NNPD(57)

COMMON NODE

COMMON NPND

COMMON SIGMA(165)
COMMON SIJ(165,57)

COMMON SIMlI65)

COMMON U(55)

COMMON W(55}

DIMENSION ALRAR(165)

DIMENSION ARG7(3)

DIMENSION CE(3,3)

DIMENSION DALPH(165)

DIMENSION DLA_(55)

DIMENSION DMU(55)

DIMFNSION EF(165)

DIMENSION ELAS(165)

DIMENSION EP(165)

DIMENSION GIM(165)

DIMENSION L(99)

DIMENSION REST(165)

DIMENSION RHS(3)

DIMENSION SQ(166)

DIMENSION SSI(165)

CONST=I,OE+06

RFAD(5,B) IRSTRT,RMXLD

FORMAT(15,EI5,7)

IF(IRSTRT) 60,60,61

CONTINUE

READ(11) ALBAR,ALPHA,CSM,D,DI,DALPH,DE,DEP,DELP,DLAM,DMLI,DSIG,DSSI

,E,EI,EE,EI,ELAS.EP,G,GIM,GNU,GNUI,IAVAIL,INT,IREC,KLU,L,

MCOL.NCOMPtNEC,NNPP,NODE,NPND,P.PCRIT,REST,SIGO.SIGMA,SIJ

,SIM,SMALL,SQ,SSI,T,U,W,Z,ZFL

IREC = 0

ICOUNT = INT

NCYCLE = 99

WRITE(6,2041)

WRITE(6,2022)

IF(RMXLD/P -

KTRANS = 2

GO TO 132

KTRAN£ = 1

INT,SIGO,EI,GNU,DELP,D,T,RMXLD

1,0162,62,63

84



C

C

i C

6O

C O

15

IN I

4

5

2OO

1110

GO TO 132

CONTINUE

KTRANS =

READ(5,1

ICOUNT =

FORMAT(5

READ(5,2

FORMAT(5

GNU1 =

F 1,1 =

F 1,2 =

F 193 =

F 2,]

F 2,2

E 2,3 =
E 3,1 =

E 3,2 =

E 3,3

E I,I

El 1,2

El 1,3

EI 2.1

FI 2,2

EI 2,3

FI 3,1
FI 3,2

EI 3,3

1

)NODE,NCOMP,MCOL.INT

INT

IlO)

) SIGO.EI.GNU.ZFL

E15.7,12,13)

EI/(I.O-GNU_*2)

GNU1

GNU*F(1,1)

0.0

= E(192)
= E(1,1)

O.0

0.O

0.O

= E1/(2.0_il.O+GNU))

=1.0/E1

=-GNU/E1

=0.0

=EI(1,2)

:El(I,1)

=0.O

:0.0

=0.0

=2.0*(I.O+GNU)/EI

MPUTE GIM MATRIX

CALL SETAPE(9,2)

READ(9) SIM

DO 15 12=I.NCOMP,3

DO 15 I =I,3

IN = 12 +I-I

GIM(IN)=O.O

DO 15 J=1.3

IN2 = 12+J-1

GIM(IN)= GIM(IN)+ E(I,J)*SIM(IN2)

TIALIZE

CALL SETAPE(9,1)

IAVAIL=I

IREC = 0

DO 4 I=I,MCOL

L(1)=0

_0 200 K:I,NCOMP

NECIK)=0

DSSI(K)=O,O

ALBAR(K) = 0,0

FE(K)=O,O

SIGMA(K)=O,O

_LPHA(K)=O.O

SSI(K)=O°O

EP(K)=O,O

CONTINUE

DO 6 J=I,NODE

CSM(J)=O,O

W(J) = 0

85



C

C

C

6

RE

7

787

127
"/'77

2041

2022

8

13

12

51

5O

16

ST

ii

32

31
30

2034

A

U(J) : 0

D INPUT FOR NEXT CYCLE

READ(5,2) PMA,DELP,D,T,RMXLD_KLU,NRSTRT

GO TO (777,787),KTRANS

DO 127 I=I,NCOMP

ALRAR([ ) : ALPHA(T)

CONTINUE

ICOUNT=INT

KTRANS = 1

WRITE(6,20_I)

FORMAT(6HIINPUT,/ 7X,3HINT,IIX,4HSIGO,14X,IHE,13X,2HNU,11X,4HDELP,

14X,1HD,14X.IHT,IOX,SHRMXLD)

WRITE(6,2022)INT,SIGO,EI,GNU,DELP,D,T,RMXLD

FORMAT(1HO(II0,8E15,6) )

IF(NCYCLE-99) 8, 11,8

NCYCLE = 99

YCEMAX = 0,0

DO 12 I:I,NODF

ZI= GIM(3*I-2) * PMA

Z2 = GIM(3_I-I) * PMA

Z3 = GIM(3*I) * PMA

YCE : ZI**2 - ZI*Z2 + Z2"'2 + 3,0"Z3"'2

IF(YCE-YCEMAX)12,13,13

NI : I

YCEMAX : YCE

CONTINUE

U(N1)=NI

W(NI) : N1

IF(KLU)51,50,51

CSM(NI)=-I,O

NNPP(1) : N1

CONTINUE

PCRI T=SQRT (

(G

P=PCRIT

DI = D/I,732051

Z = SIGO**2

SMALL=CONST/Z

G =EI/3.0

DO 16 K:I,NCOMP

EE(K) : SIM(K) *

SIGMA(K) : GIM(K)

GO TO 41

(SIGO**2)/((GIM(3*NI-2)**2)-(GIM(3*N1-2)*GIM(3*NI-1)) +

IM(3*N1-1)**2)+(3,0*(GIM(3*N1)**2))))

PCRIT

* PCRIT

A RTING PROCEDURE FOR ALL CYCLES RUT THF FIRST

CONTINUE

DO 30 I=

SG:O.O

DO 31 J=

N = (J-I

IF(U(N))

KQ = NEC

SG : SG

CONT INUE

REST ( I )

WRITE(6,

FORMAT(I

I ,NCOMP

1 ,NCOMP

)/3 + 1
32,31 ,32

(J)

+ SIJ(I,KO) * SSI(J)

: SG

2034)

H1,7HNODE NO,21X,15HRESIDUAL STRFSS,42X,15HRESIDUAL STRAIN
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I
I

I

2032

33

I0

36

i
I 37

39

i, 265

25O

53

52

i 270.... WI

I

t(-

_f

, //) ..........
DO 33 I:I,NODE
NN:3*I ......................................
NNN=3*I-2
NNK:3*I-I .....
SQ(NNN)= GNUI*(REST(NNN)+GNU*REsT(NNK))+SSI(NNN)

SQINNK)= GNUI*IRESTINNKI+GNU*RESTINNNll+SSIINNK)
SQ(NN) = E1/(2,0*(1,O+GNU))*(REST(NN))+ SSI(NN)

WRITE(6t2032)II,SQ(NNN).ISQ(NNKI,.&Q(NN),REST(NNN),REST(NNK),
REST(NN))

FORMAT(3X,13_2X_6E19,8/)

CONTINUE

IF(PMA)IO_9,10

YCEMAX : 0,0

DO 34 I=!,NODE ..

NN=3*I

NNN:3*I-2
NNK=3*I-1
ZI=GIM(NNN)*PMA +SQ(NNN)
Z2:GIM(NNK)*PMA +5Q(NNK)
Z3:GIM(NN) _PMA +SO{NN)

YCE = ( ZI-ALBAR(NNN))**2 - (Z1-ALBAR(NNN))*(Z2-ALBAR(NNK)) + (Z2-

ALBAR(NNK))**2 + 3,0*(Z3-ALBAR(NN))**2

IF(YCE-YCEMAX)34,36,36

N1 = I

YCEMAX = YCE

CONTINUE ..........

NNN: 3"N1-2
NNK= 3*N 1-1
NN = 3"N1
DNOM=GIM(NNN)**2-GIM(NNN)*GIM(NNK}+GIM(NNK)**2+3.0*(GIM(NN)**2).
B=-((ALBAR(NNN)-SQ(NNN))_(2.0*GIM(NNN)-GIM(NNK))+(ALBAR(NNK)-SQ(NN
K))*(2,0*GIM(NNK)-GIM(NNN))+(6,.Q_IM(NN)*(ALBAR(NN)-SQ(NN)}))/DNOM
C=((ALBAR(NNN)-SQ(NNN))**2 -((ALBAR(NNN)-SQ(NNN))*(ALBAR(NNK)-SQ

(NNK)))+((ALBAR(NNK)-SQ(NNK))**2) +(3°O*(ALBAR(NN)-SQ(NN))**2)
-Z)/DNOM

IF(PMA)37,37939
PCRIT=(-B-SQRT(B**2-4,O*C))/2,0

GO TO 40 .......................
PCRIT=(-B+SQRT(B**2-k,O*C))/2,0
P:PCRIT

DO 265 I=I,NCOMP

SIGMA(1) : GIM(1)_P
EE(1) : SIM(1)*P +

CONTINUE

DO 250 K:I,NODE

W(K)= 0

CSM(K)=O,O

U(NII:N1
W(NI) = NI

IF(KLU)53,52,53
CSM(N1) = -1,0
NNPP(1) = N1
CONTINUE
DO 270 K=I,NCOMP
DSSI(K) = 0°0

P=P+DELP

IA=O

NKNT=O

DO 120 K=I,NODE

+ SQ(1)

REST(I)
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C
C
C

150

122

55
128

54

121
123
124

120

I000

8930

8940

6015
6017

6006

6001
6002

6003

6004
6005

74O

601

NNN:3*K-2
NNK : 3*K- 1
NN : 3*K
YCE = (SIGMA( NNN )-ALPHA(NNN ) )**2 I ( (SIGMA(NNN

*(SIGMA(NNK ) --ALPHA(NNK ))) + 3"o*(sIGMA(NN
**2 +(SIGMA(NNK)--ALPHA(NNK))**2

Z9 = (YCE /Z--I'O)
IF(Z9+SMALL}121' 122;1 PP
U(K):K
W(K) : K
IF (KLU) 54'55 '54
IF (CSM(K) ) 120'128 '128
NKNT = NKNT + 1
GO TO 120
CSM(K) = -I,0

IA = IA+I

NNPP(IA) = K

GO TO 120

IF(W(K) )123i120,123

WRITE(6,124)
FORMAT( 1H1,

U(K)=-K
W(K)=-K

CONT INUE

NPND=3*NKNT

K
5H NODE, 16,9H UNLOADED, //)

COLUMN INPUT ROUTINE

J:l

DO 8940 I=I_NODE

IF(U(1))8930t8940,8930

J7:3"I-2

J8=3"I-I
J9=3"I

L(J)=J7
L(J+I)=J8
L(J+2)=J9
J=J+3
CONTI._UE

L(J}=999

DO 7LwJ3I=IiMCOL
II=L(I)

IF(I {I}-999 )6015,601,6015
IF(.'_ECCII})740,6017,7AO

IE(ZA __I L-MCOL) 6006,6006,657

III=I -1-1REC

_IF.(I II)6003,6005,6001

DO 6_2 JJ=ItIII
REAC_ _9 )

r,!_ TO 6005

III=(-1)*III

DO 600_ JJ=1,111

BACKSPACE 9

READ(g) (SIJ(JJ,IAVAIL),JJ=I,NCOMP)
IREC=II

NFC(II)=IAVAIL

IAVAIL=IAVAIL+I

GO TO 6015
CONTINUE

CONTINUE

)-ALPHA(NNN ))

)-ALPHA(NN ))
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i .....

C
C
C

C

C
C
C

C
C
C
C

C
C
C

57

144

151

1l+2
56

1#0

C

102

152

0

IF(KLU} 56,57,56

CONTINUE

DO 142 K=I,NODE ..........
IF(W(K))I42,142,144

IF(CSM(K))142,151.151

NNN=3*K-2

NNK = 3"K-1

NN = B*K

$1" ((ABS(SIGMA(NNN }- ALBAR(NNN)

$2= ((ABS(SIGMA(NNK )- ALBAR(NNK)

S3=((ABS(SIGMA(NN)-ALBAR(NN))/DI)**(T-I.0))*(T/D1)
S#=SQRTI((SIGMA( NNN }-ALPHA( NNN })**2)+((SIGMA(

)**2)+((SIGMA(NN)-ALPHA(NN))**2})
Vl= (SIGMA( NNN }-ALPHA( NNN )}/S#

V2= (SIGMA( NNK )-ALPHA(NNK))/S4

V3= (SIGMA(NN)-ALPHA(NN ))/$4

CSM(K) = (V1"'2"$1) + (V2"'2"$2)+ (V3"'2"$3)

CONTINUE

CONTINUE

)/D)**(T-I.O))*(T/D)
)/D}**(T-I.0))*IT/D)

NNK )-ALPHA(NNK)

COMPUTE INCREMENTS OF TOTAL STRAIN AND SUM

CALL PLAST

DO 100 (=1,NODE
NNN=3*I-2

NNK=3*I-1

NN :3-!

IF(W(1))IkO,100t102

COMPUTE THESE VALUES FOR ELASTIC NODES

DEP(NNN)=O°O

DEP(NNK)=O°O

DEP(NN )=0.0
DSSI(NNN)=O.0

DSSI(NNK}=O°O

DSSI(NN) =0.0

GO TO i00

MPUTE THESE VARIABLES FOR PLASTIC NODES

IF(CSM(1)}I53t100.152

SOLVE FOR STRESS INCREMENTS

SMA2=SIGMA(NNN)-ALPHA(NNN)

SMAI= SIGMA( NNK }-ALPHA( NNK }

SMA = SIGMA(NN} -ALPHA(NN }
DB :(5,0 * SMA2**2 - 8,0 * SMA2 * SMAI _ 5,0* SMAI**2

SMA**2)/(4°O*(CSM(1))}
CE(ltl) = ( SMA2 - 0,5" SMA1)**2 /DB + (1,O/El)
CE(I,2) = ( SMA2 - 0,5* SMAI)*(SMAI-0,5*SMA2)/DB-GNU/FI
CE(I,3) =' ( SMA2-0°5*SMAI)*(3,O*SMA)/DB
CE(2tl} : CE(It2)

CE(3,1) = CE(It3} ....
CE(2.2) = (SMAI-O.5*SMA2)**2)DB + (I.0/E1)

CE(2_3) = (SMAI-O°5*SMA2)*(3.0*SMAI/DB

CE(3.2) = CE(2_3)

+ 36,0 *
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C

C

C
C

112

113

III

114

110

153

I00

213

212

210

CE(3,3) -- (3,,O*SMA)**2/DB + (2,0*(1,O+GNU))/E1

RHS(1)= DE(NNN)
RHS(2)= DE(NNK )

RHS(3)= DE(NN)

ARG6 =0,0
M= I MEQF ( 3 , 3 , 1 ,CE,RHS, ARG6, ARGT)

GO TO (IIO,III,II2),M

WRITE(6,113)

FORMAT(15H CE IS SINGULAR)

CALL EX I T
WRITE(6,114)

FORMAT( 9H OVERFLOW)

CALL EX IT

CONTINUE

COMPUTE INCREMENTS OF PLASTIC STRAIN, TRANSLATION, AND INITIAL

STRESS

DSIG(NNN)=CE(I,I)

DSIG(NNK)=CE(2,1)

DSIG(NN) :CE(3,1)

ANUM = (SIGMA(NNN)-ALPHA(NNN))W(DSIG(NNN)-O.SWDSIG(NNK))+(SIGMA

(NNK)-ALPHA(NNK))*(DSIG(NNK)-O.5*DSIG(NNN))+3.0*(SIGMA(NN)

-ALPHA(NN))W(DSIG(NN))

DLAM(1)=ANUM/ DB

DMU(1)=ANUM/(((SIGMA(NNNI-ALPHA(NNN))_2)-((SIGMA(NNN)-ALPHA(NNN))

_(SIGMA(NNK)-ALPHA(NNK)))+{(SIGMA(NNK}-ALPHA(NNK))_2) +

(3.O_(SIGMA(NN)-ALPHA(NN))_w2))

DEP(NNN)=((SIGMA(NNN)-ALPHA(NNN

DLAM(1)

DEP(NNK)=((SIGMA(NNK}-ALPHA(NNK

DLAM(1)

DEP(NN)=3.Ow(SIGMA(NN)-ALPHA(NN

DALPH(NNN)=(SIGMA(NNN)-ALPHA(NN

DALPH(NNK)=(SIGMA(NNK)-ALPHA(NN

))-O,5_(SIGMA(NNK)-ALPHA(NNK)))

))-O,SW(SIGMA(NNN)-ALPHA(NNN)))

))*DLAM(1)

N))*DMU(1)

K))wDMU(1)

DALPH(NN)=(SIGMA(NN)-ALPHA(NN))_DMU(I)

DSSI(NNN)=-GNUI_(DEP(NNN)+GNU_DEP(NNK))

DSSI(NNK)=-GNUI+(DEP(NNK)+GNU_DEP(NNN))

DSSI(NN) = -E1/(2,0w(1,O+GNU))_DE P(NN)

ALPHA(NNN)=ALPHA(NNN)+DALPH(NNN)

ALPHA(NNK)=ALPHA(NNK)+DALPH(NNK)

ALPHA(NN)=ALPHA(NN)+DALPH(NN)

SSI(NNN)=SSI(NNN)+DSSI(NNN)

5SI(NNK)=SSI(NNK)+DSSI(NNK)

SSI(NN)=SSI(NN)+DSSI(NN)

EP(NNN)=EP(NNN)+DEP(NNN)

EP(NNK)=EP(NNK)+DEP(NNK)

EP(NN)=EP(NN)+DEP(NN)

CONTINUE

DO 210 I=I,NCOMP

SG:O.0

DO 212 J=I,NCOMP

Jl = (J-l)13 + 1

IF(U(J1)) 212,212,213

KY = NEC(J)

SG=SG+SIJ(ItKY)*DSSI(J)

CONTINUE

DE(1)=SG+SIM(1)*DELP

EE(1) = EE(1) + DE(1)

CONTINUE
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I

i M

._'

I

I

251

252

253

1101
C

C TES

C

70

59

118

117
58

125

132
130

131

126

2000

2003

2002
2001

2021

DO II01 I=I,NODE

NNN=3*I-2

NNK=3*I.1
NN=3*I

IF(W(1))2.5!t251t252

DSIG(NNN) = E(1,1)*DE(NNN) + E(1,2}_DE(NNK)

DSIG(NNK) = E(2,1)*DE(NNN) + E(2,2)*DE(NNK}
DSIG(NN) : E(3,3)*DE(NN)

SIGMA(NNN)=SIGMA(NNN)+DSIG(NNN}._.
SIGMA(NNK)=SIGMA(NNK)+DSIG(NNK)

SIGMA(NN)=SIGMA(NN)+DSIG(NN)
ELAS(NNN}=(1.0/E1}_(SIGMA(NNN)-GNU_SIGMA(NNK})

ELAS(NNK)=(I.0/E1)*(SIGMA(NNK)-GNU*SIGMA(NNN))

ELAS(NN)=((2.0*(1.0+GNU))/EI)* SIGMA(NN)
CONTINUE

FOR PERFECT PLASTICITY

IF(KLU)58,70,58

IF(ZFL)58,59,59

CONTINVE

DO 117 I=I,NODE

N1=3"I-2

N2=3"I-1
N3=3"I

ALI=(ALPHA(N1)-ALBAR(N1))

AL2=(ALPHA(N2)-ALBAR(N2))

AL3=(ALPHA(N3)-ALBAR(N3))
FLOW = ALl**2 - ALI*AL2 +

IF(ZFL-FLOW)1189118,117
CSM(1)--1.0

IA=IA+I

NNPP(.IA)=I ,.
CONTINUE

CONTINUE

IF(P/RMXLD - 1,0)132,125,125

CONTINUE

KTRANS = 2

GO TO 126 .....

IF(ICOUNT-INT}130,131,130
ICOUNT = ICOUNT + I

GO TO 41

CONTINUE
ICOUNT = 1

WRITE(6,2012} P

WRITE(6,2000)

AL2**2 + 3,0"AL3"'2

FORMAT(/ 21X,16HELEMENT STRESSES, /)

FORMAT(1HO,THNODE NO,4X,7HSIGMA-X912X,7HSIGMA-Y,13X,THTAU-X,y)
WRITE(692003)

DO 2001 I=I,NODE

NNN:3*I-2 ...........
NNK=3*I-I
NN : 3"I
WRITE(692002) 19SIGMA(NNN)gSIGMA(NNK),SIGMA(NN)
FORMAT(BXgI3,2XJE16,8,3X,E16,8 93XgE16,8)
CONTINUE
DO 2020 K=lgNODE
IF(W(K))202192020,2021
NNN= 3"K-2
NNK= 3"K-1
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2006

2007

2008

2009

2010

2011

2012
2020

65

66

057
2030

9

NN : 3*K
WRITE(6,2000)

WRITE[692007}
WRI TE(6,2008 )

WRITE(6_2009)

DEP (NN )
WRITE(6_2050)

FORMAT( 1HO)

WRITE(St2010}

WRITE(6,2009)

N)

WRITE(6,20

WRITE(6,20

FORMAT( 1HO

FORMAT(1HO

KoCSM(K),DLAJVI(K}IDJMU(K)

DALPH(NNN),DALPHINNK),DALPH(NN},DEP(NNN)oDEP(NNK),

ALPHA(NNN)�ALPHA(NNK)�ALPHA(NN),EP(NNN)tEP(NNK)_EP(N

11)
09) EE(NNN),EE(NNKI,EE(NN),ELAS(NNN),ELAS(NNK)_ELAS(NN)
,IOHELEMENT NO,19X,1HC,16X,4HDLAM,17X_3HDMU )

,II0,6E20o6)

FORMAT(1H0916X,14H DELTA ALPHA-X,6X,14H DELTA ALPHA-Y95X915H DELTA
ALPHA-XY_�X,11H DELTA EP-X, 9X,llH DELTA EP-Yt
7X,13H DELTA GAM-XY)

FORMAT(IOX,6E20,6)
FORMAT(18X,12H TOT ALPHA-X, 8X,12H TOT ALPHA-Y,7X,13H TOT ALPHA-XY
o7Xl13H PLASTIC EP-Xt7Xol3H PLASTIC EP-Y,5X,15H PLASTIC GAM-XY)
FORMAT(1H0,21X, 9H STRAIN-X,IOX, 9H STRAIN-Y,10X,10H STRAIN-XYt 7X
,13H ELASTIC EP-X,7X,13H ELASTIC EP-Y,SX,15H ELASTIC GAM-XY)
FORMAT(1H0,3X,17H LOAD LEVEL, P = , F8,0 )
CONTINUE
GO TO(41,65),KTRANS

IF(NRSTRT) 7_7966

WRITE(IO) ALBAR�ALPHA,CSN,D,DI,DALPH,DE,DEP,DELP,DLAM*DMU_DSIG,

DSSItE,EI_EE,EI,ELAS_EPtG_GIN,GNU,GNUI,IAVAIL_INT,IREC,
KLU,L�NCOL,NCOMP,NEC_NNPPtNODE,NPND_P,PCRIT*REST�SIGO_

SIGMA,SIJ,SIM,SNALL,SQ,,SSI,T,U,W,Z,ZFL

GO TO 9

WRITE(6,2030)

FORMAT( 42H NUMBER OF COLUMNS EXCEEDS AVAILABLE SPACE )

CONTINUE

REWIND 10

REWIND 9

PAUSE 2

CALL EXIT

END

SUBROUTINE SETAPE(NUNITgNFILE)

DATA SIGNAL /0111111111111 /

REWIND 9

NSET=NFILE-1

IF(NSET)3,3g4
DO I I=I_NSET
READ (9) X
IF(X-SIGNAL)2, 1_2
CONTINUE
RETURN
END
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I

SUBROUTINE PLAsT

$ IBFT C PLAST LIST,REF

SUBROUTINE PLAST

" , IN TEGER--I,_,W.................. -_.............................
i COMMON ALPHA(165)

i COMMON CSM(55) ........................COMMON DE(165)

i " COMMON .DELP .......

i COMMON DEP(165)
•............ COM_..I_IGLI_65 }................

COMMON DSSI(165)

- COMMON £(3,3| ........................

I COMMON ElCOMMON EI(3,3) .......

COMMON GNU

COMMON ..KL.U...............................

I COMMON MCOL
COMMON .NCOMP ...................

COMMON NEC(165)

I COMMON NNPP(57) ..........COMMON NODE

COMMON _I_PND................

i COMMON SIGMA(165)COMMON SIJ(165,57) ....

! COMMON 51M(165)

--- COMMON .U.(55} ........

I COMMON W(55)
IK............................DI/_E_N..51/_I_L..A_ G9 (57.)..................................

DIMENSION BA(57}

.- DIMENSION CM(3,3) .....................

DIMENSION ETI(55}

D IMENSI.O.N ET2 (55 ) ........................................

i DIMENSION RHS(571................ D I.MEf_IS.I.ON.RI(3,3 }......................

DIMENSION UNIT(3,3)
.......... DIMENSI ON..ZI.(3,3 }..........

I DIMENSION Z213,31.... D I MFI_LS_I_O6LZMTRX (57,57) ..........................................
DO 200 IsltMCOL

................B_LLi/_._-.._Ii,.Q........................................

RHS(1) " 0,0

DO.2QQ J-I.tMCOL ............. ................................
ZMTRX(ItJ) = 0.0

I_ ........ ................................................
20Q CONTINUE

NRW"0

...............IC-L ...............................

I KOUNT t 0-.- DO 1 I=loNODE .......................

IF (CSM( I ) )I,I ,6

-- 6 L1=3"I-2 ....................L2"3"I-I
L3E.3_I ......................................................

SIGBI= SIGMA(L1)-ALPHA(L1)

I SIGB2: S IGMA(L2 } -ALPHA (L2) .......SIGB3= SIGMA(L3)-ALPHA(L3)
DB = (5.0*SIGBI**2-8.0 * $1GBI*--$1_G82 + 5..0.SIG82-.2

I * **2)I(_,0*CSM(1) )CM (1,1 )_ (.SIGB I-0.5"S IC4521_2/.DB ........................
CM( 1,2 )= (SIGB I-0,5"S IGB2 )* (S IGB2-0,5"S IGB1 )/DB
CM(1,3)=(SIGBI-0,5*SIGB2I*(3,0_._-S-IGB3I/DB .- .

I CM(2,1) = CM(I,2)
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11

12

5

28
8

9

29

3O

7

I0

I

CM(2,2)=(SIGB2-O,5*SIGBI)**2/DB

CM(2,3)=(SIGB2-O,5*SIGBI)*(3,0eSIGB3)/DB

CMi3,1)=CM(I,3) .....
CM(3,2)=CM(2t3)
CM(3,3)=(3,0*SIGB3)**2 /DB

RI(1,1)= CM(1,1) + (1,0/E1)

RI(I,2)= CM(1,2) - (GNU/El)

R!(1_3) = C_(!=3)

RI(2,1) = RI(li2) .......

RI(2,2)= CM(2i2} + (1,0/E1)

RI(2,3): CM(2,3)

RI(3,1)= CM(1,3)

RI(3,2) = CM(2,3)

RI(3,3) = CM(3,3)+ 2,0* (1,0 + GNUi/EI

DO l.! .I!=l,3
DO 11 JJ=l,3
UNIT(II,JJ)=O,O

DO 12 II-1,3
UNIT(II,II)= 1,0

AR66=O,O

M=IMEQF(3,3,3,RI,UNIT,ARG6.tARGQI

DO 2 J1"1,3

DO 2 J2=1,3

Q-O,O

DO 3 J3=l ,3
Q- Q+ CM(JItJ3)*RI(J3tJ2)

Z.l(..J.1LJ2) =. O .....

DO 4 Jl'l,3

DO 4 J2=i_3

O=O,O

DO 5 J3=1,3
Q=Q+E (JI,J3)*Z1(J3tJ2)

Z2(JIIJ2)=Q

DO 10 NZ=I,3

IR-O

IRR=NPND

DO 7 K-1,NCOMP
Jg=(K-I)/3 +1

IF(W(J9))7,?,28
IF(CSM(J9))29,Bt8

Q=O,O

IR=IR+I

KY = NEC(L1)
DO 9 KK=I,3

Q=Q+ SIJ(KtKY) * Z2(KK,NZ)

KY=KY+I

ZMTRX(IR,IC) = Q

GO TO 7

QQ = OeO

IRR = IRR + 1
KY = NEE(L1)
DO 30 KO=lt3

QQ = OO + SIJ(K,KY) * Z2(KQ,NZ)

KY=KY+I

ZMTRX(IRR,IC) _ QQ

CONTINUE

IC=IC+I
CONTINUE

CONTINUE

IF(KLU)60,61,60
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i ,,i j

- 61

ii

r__"----.......,o2°-........
.... 21

.22 .

32_

31

l-- 39

I .......... 38

- _0

1_ _

i-_ 42

t ...... #i_

I__ _ 35

CONT INUE .....
DO 20 I-I_IR

ZM TJ_dL1 LI).__-...ZMTRX (I ,-LL_+

CONTINUE.
DO 21 _L, liNODE ._
IF(CSM( I ))22o21t21
CONT 1NUE ............

GO TO 100

DQ._..3I..J-..I.__blDDE

IF(CSM(J) }32,31931
..NI-=_?L* J---Z .....................

N2-3*J-1

l.r}

N3=3_tJ

SBI_.(SIGMA(N1)-ALPHA(N1))-(SIGNA(N2)-ALPHA(N2})/2.0
S.B2_.|51,fi_-ALP.I_( hi2.ll-.(-_IGMA (N I |-A.L__(.NI .lL62._

SB3=3,0 *(SIGMA(N3)-ALPHA(N3))
_El iI.J L___ 3_B2/S B 1 ........
ET2(J) m SB3/SBI

KOUNT__._ JC_QU.N_T+ i _

CONTINUE

NPw - 3" _nIINI ........

NTOT ,, NPND + NRW

I<.PND __,__N.P.I_LD_.+i .......
NQ ,, KPND

MZ_ I ...........

DO 34 L2=I_NRW,3
M_-NNPP (MZ I

BA(L2) = E(1_1) + E(1_2)*ET1(M22)

BA.LL +2_+_i)_;_E_( 2ill +___E{2_t2J_*ETI( M22}

BA(L2+2) = E(3t3) * ET2(M22)

NX___= I(_PN[I.....
NXX=I

DO 35 I"I,NEOMP

IX : (I-I)/3 + i

IF_(C5M_(/%_136 135 13._T .......
NZ=I

Q=0,0

DO 38 LY'ltNCOMP

J:,IL_Y_clJ /3. • 1.............
IF(CSM(J) )39t38938
I(,-Z=NE£ (LYe- -
Q=Q+STJ(ItKZ)*BA(NZ)
NZ:NZ+I ..............
CONTINUE
7--MTR.XLZ_Y,.j._QJ : Q .......

NX"NX+I

GO TO 35 .
IF(W(IX) ) 35 t35,40
NZ:I ..........
QQ:0,0

DO _] LQ=],NC(3Mp ...............
JQ =' (LQ-1)/3 + 1
IELCSMLJ(_) )_.2_Z+l9Z+l .....

JJ =' NEC(LQ)

C_Q_= Q.GL_ SIJ (I•JJ}*BA(tNIZJ__....

NZ=NZ+I

C..D_TIhU.IE.........................

ZMTRX (NXX ,NQ) "QQ

NXX = NXX + 1 ....

CONTINUE
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NQ .= NQ + 3 ...............
DO 43 IK=I,NRW

43 ....... BA(IK) =0,,0
34 MZ = MZ + I

MX _= ._ ..............
MK = KPND
DO 44 I'KPNDtNTOTt3 __
M22 = NNPP(MX)

ZMTRX(MK,IJ.__=_. Z.HTRX(MK,I) + 1.0
ZMTRX(MK+I,I) - ZMTRX(MK+I,I) + ET1(M22)

ZMTRX(MK+2,!) = ZMTRX(MK+2,1) + ETZ(M22}

MK = MK+3

MX"MX+I _
MB'I

DO 45 I -KPND,NTQ.Tj.._. ........
MO • NNPP(MB)

. I 1-I+1 .......

12"I+2
_.ZJ_IRXtlJ_111._= -El(l,1) * ETI(MQ) + El(l,2)

ZMTRX(I*I2) =-EI(1,1)*ET2(MQ)

/MTRX(II ,T1}= -FI (;_,I} *_E.IJ.£J_Q..L._..EI(2=2}

ZMTRX(II,12)= -EI(2tl) w ET2(MQ)

_ZJ_TRXLI2JIII_ O. 0 _ .
ZMTRX( 12,12)= EI(3,3)

1 __ "I_B_'_P,B+_.L .....
C
C F ORMATION OF THE RIGHT HAND $11")F

C

I00 .... J_LTO.___-__NP_ + NRW .....

MB-1

..... DO _50__I-_1 t_IQDE ..............
IF(CSM(I ))50,50,51

S1 __ NI-3"I-2
N2-3"1-1

N3=3"I .........
RHS(MB)-SIM (N1)_DELP

...... _RHS(MB+I) : 5IMIN2)*DELP
RHS(MB+2) = SIMIN3)*DELP
MB-MB+3 ...........................

50 CONTINUE
......... D.C) 52 I-1,NODE ..........

IFICSM(I ) )53,52,52

N2"3" I -i
. N_m_II

RHS(MB)=SIM(N1 )*DELP

..... RH.SIMB+-.I-).r_S/.M ( N2 L_C}-ELP ...........
RHS(MB+2 )-SIM (N$) eDELP

.......... MR_I_B_3 .......
52 CONTINUE

._.O_,.CL ..................................
M- IMEQF (MCOL .N TO T.1 ",-Z'H'T'Rx,RH S, ARG6, ARG9 )

GQ TO 15/*.I 5_5,5_6 ) IM .....................................
WRITE(6,57}
FORMAT_(19H MATRIX 15 51NGULAR_I .......

CALL DUMP

........._R.IIE__LS.B] ....

$8 FORMAT( 9H
............. CALL DUMP

C

OVERFLOW)
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- _'C ' F

-- t,7

| 49

i .

I.i.... ................

__ _,8

I _ " . . .....

i

ORMATION OF THE SOLUTION VECTOR

MB=I ........................................................
DO 46 I=I,NODE
IFICSMII.I)4&,46,_7 ...............
NI : 3"I-2

N2 = 3_I-I ..........
N3 = 3_I
DE(N1} "..ZHTRX(MBtl) ...................
DE(N2) = ZMTRX(MB+ltl)
DE(N3)_ = ZM_TRX (MB+2_ i) ............
MB = MB + 3
CONTINUE
DO 48 ImlgNODE
IF(CSMII1}49t48,48 ..........................................................

N1=3_I-2
N2=3"I_I .............
N3=3_I
DEP(N1)_ZMTRX(MBtl) ......
DEP(N2)=ETI(1)_DEP(N1)

DEP(N3)=ZIZ(I)*DEP(N1L ...........................................
DSIG(N2)=ZMTRX(MB+I,1)
DSIG(N3) = ZMTRX(MB+2,1) ....................
DSIG(N1) = -ETI(I)WDSIG(N2)-ET2(I)_DSIG(N3)
DSSI(N1) = _IE(1,1)*DEP(N1)_+___EL1JL2J*DIZP[N2)) ......
DSSI(N2) = -(E(2,1I_DEP(NI) + EI2t2)_DEP(N2))

_ S.5_II_3J....._..:E.L3..L,3_I_D EP_J_N3_.L.......................
MB = MB + 3
C ON_ I N____UE..........................................
RETURN
END ...............

[

[

I .......

,-- ....

! •
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i00



.....

$ IBFT C

I ........

I
I
i
I

- '

I

I ......

61

4_

I .62

- 63

......... 60

, ...-

STRAPP PROGRAM

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIt4EN.SION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIME--N-SIOJ_

DIMENSION

DIMENSION

DIMENSION

REWIND 11

IREC = 0 ..............................

I(OUNT = INT

NCYCLE = 99 ............................................
WRITE(6,2041)

IF(RMXLD/P-I,O)62,62,63

KTRANS =2 .....

GO TO 132

KTRANS : 1
GO TO 132

CONTINUE ......................................

KTRANS = 1

READ(5,1)NODEgNCOMP_MCOL,INT ...........

E_(16_) ...........................................................................

ELAS(165)

EP(165) ...........................

GIM(165)

L(Z_) ..............................................................

REST(165)

RHSL3.) ..............................

SQ(165)

SSICI65) .........................................................................

U(55)

CONST=I.OE+06 .................

READ(5,3) IRSTRT,RMXLD

IF(IRSTRT) 60,60,61

CONTINUE ...................................

READ(I1)ALBAR,ALPHAtCSNtD_D19DALPH,DE,DEPtDELPtDLAMtDMU,DSIG,DSSTo

E,EI,EE,EI.ELAS+EP.G_G-I-M-.GNU.GJWUI-,-IAVAIL,INT,IRECtKLUtLt

MCOLgNCOMP_NEC,NNPP,NODEtNPND_P,PCRTT,REST,SIGO,SIGMAtSIJt

STRAPP LIST,REF

PAUSE I ....

REWIND 9

COMMO.N-AJ,.PHAJ--I-6$-) ........................................

COMMON CSM( 55}

COMMON DELP .............

COMMON DEP(165)

COMMON DSIG- (165)

COMMON DSSI(165)

COMMO_.E(3_3) ............. -- ..............................

COMMON EI(3_3}

COMMON KLU :- -:................

COMMON MCOL

COMMON NCOMP

COMMON NEC(165)

COMMON NNPP(57) ........................

COMMON NODE

COMMON SIGMA(165) ....

COMMON SIJ(165,57)

COMMON SIM(165)

DIMENSION ALBAR(165)

A-RGT(3) ..............

CE(3,1}
DALPH(165) ---

DE(165)

DLAM(55) ..........

DMU(55)



J.

2.

C
C C 0
C

15

C
C IN I

C

&

20O

1]]0

6

..... -- C.

C RE A

C

ru_M_l I _ L 1u I

WRITE(6ol) MCOL ._

READ(5,2) SIGOtE1,GNU,ZFL
FOI:_AT(SFlS.=7.1.I.2113.]_ ........
GNU1 = E1/(1.O-GNU_e2)
E(ltl)= GNU1
E(I_2)= GNU*E(1,1)
E(2,1) = E(II2)
_acL2,2) = Eli,l)

E(3,3) _ EIlI2*_*(I_,-O_GNU}:}.
E(I_3)= 0.0

E(2,3)= 0,0
E(3tl)= 0.0

E(3t2)= 0.0

EI(ltl)= 1.0/E1

E.I{It2)=-GNU/E1

EI(I,3)=O.O

FI(2,1)=EI(1,2)

EI(2,2)=EI(1,1)

FI(Po3)=O,O

EI(3,1)=O.O
EI(3,2)=O.O

EI(3,3)=2.0_(1.O+GNU)/EI

MPUTE GIM MATRIX

CALL SETAPE(9,2)

READ(g) SIM

DO 15 12=I,NCOMP,3

DO 15 I =1,3

IN = 12 +I-I

GIM(IN)=O.O

DO 15 J=1,3
IN2 = 12+J-1

GIM(IN)= GIM(IN)+ E(I_J)_SIM(IN2)

TIALIZE

CALL SETAPE(9,1)

IAVAIL=I

IREC = 0

DO _ I=I_MCOL

NNPP(1)=O

L(1):O
DO 200 K=I,NCOMP

NEC(K)=O.

DSSI(K)=O°O

ALBAR(K} : 0.0

EE(K)=O,O
SIGMA(K)=O.O

ALPHA(K)=O°O
SSI(K)=O.O
EP(K)=O°O

CONTINUE

DO 6 J=I,NODE
CSMIJ)=O°O

U(J) = 0.0

D INPUT FOR NEXT CYCLE

102



?

..... 20Z_l

20228

l .......

i.

I

READ(5,2) PMA,DELP,D,T,RMXLDtKLU,NRSTRT

GO TO (.777,787),KTRANS

DO 127 I=I,NCOMP

DSSI_4._.-=.O.-O- .............. : ......
ALBAR(I) = ALPHA(I)

CONTINUE ......

ICOUNT = INT

KTRANS = 1

WRITE(6,2041)

103

r-.-,- ...... 1.6 ....... s I.GMA-UC__,_..,GI M(._.)*--_:P.-LZ .....................

I c GO TO 41

C ST A RTING PROCEDURE FOR ALL CYCLES BUT THE FIRST

.... 11 CONTINUE ......................................

............. DO.. 3D-,_m J._ N-_MP ..........................................................................................

i SG=0,0• DO 31 Jz_,NCOMP ..............................

N = (J-l)13 + 1

IF(U(N})32_-3t_32 ......................................

32 KO = NECIJ)
SG ._--.:S.G--_-glJ-¢-I,K-Q) _-&&14.J-) ..............................................

31 CONTINUE

- 90 REST(I) = SG .................WRITE(6,2034)

2034 FORMAT(IHI,7_E NO,RIX, 15HRESIDUAL STRE$S_42-X,15HRESIDUAL STRAIN

• , II)

DO 33 ImI,NODE ...................................................

Nq:3*I

NNN:3*I-2

FORMATI6H.IINPUT,/ 7X_3.H_NT,11X.,t._HSI.GO_IZ_,1HE,13X,2HNU,11X,_HDELPt

* 14X,IHD,14X,IHT,IOX,SHRMXLD)
WRITE(6,2022)INT,SIGO,.E1,GNU,DELP,D,T,RMXLD

FORMAT(IH0(I10,8E15,6) )

IF(NCYCLE-99) 8,11,8

NCYCLE = 99

YCEMAX : O.O ............

DO 12 I=I,NODE

ZI= GIM(3*I-2) * PMA ....

Z2 = GIM(3*I-I} * PMA

Z3 = GIM(3*I) * PMA

YCE : Z1"'2 - ZI*Z2 + Z2"'2 + 3,0"Z3"'2

IF(YCE-YCEMAX)12_13,13 ...........

13 N1 = I

YCEMAX - YCE .....

12 CONTINUE

U(NI)=NI .........

IF(KLU) 20,21,20

20 CS_t_I:-)-_._,_.loO .................................

NNPP(1) z N1

21 CONTINUE - .
PCRIT=SQRT((SIGO**2)/((GIM(3*N1-2)**2)-(GIM(3*N1-2)*GIM(3*NI-1)) +

* _ .(GIM(3_NI-I)*_2I÷(3_O_-I.GIM-(3_NI)**2)}))

P=PCRIT

...... DI.-=.._II-_-_-3.205.1 ....................................................

Z : SIGO**2

- SMALL.:CONS-T-/-Z ......................

G :ELI3,0

DO 16 _=I_NCOMP .................._-.-

EE(K) = SIM(K) * PCRIT



2032
33_

............. -],D....

36

34

37

39
40

• 5O

22

23

¢t

¢*

NNK=3_I-I
SQ(NNN)= GNUI_(REST(NNN|÷GNUeREST(NNK))÷S$1(NNN)

SQ(NNK)= GNUI_(REST(NNK)+GNU_REST(NNN))+SSI(NNK)

SQ(N_L-.._ EI/(2,D_II,D*GN.U|J_.(REST(NN))÷ SSIINN)

WRITE(6t2032)(IoSQ(NNN)tSQ(NNK)gSQ(NN),REST(NNN),REST(NNK)9
REST(NN)}

FORMAT(3X,13t2X,6E19,8/)

CONTINUE
IF(PMA)I0,9tI0

YCEMAX = 0.0 ....

DO 34 I=I_NODE

NN=3_I

NNN=3_I-2

NNK=3_I-1

ZI=GIM(NNN)_PMA +SQ(NNN)

Z2=GIM(NNK}_PMA +SQ(NNK)

Z3=GIM(NN) _PMA +SQ(NN)
YCE = ( Z1-ALBAR(NNN))_2 - (Z1-ALBAR(NNN))_(Z2-ALBAR(NNK))

ALBAR(NNK})_2 + 3.O_(Z3-ALBAR(NN))_2

IF(YCE-YCEMAX}34,36,36

N1 = I

YCEMAX = YC.E
CONTINUE

NNN= 3WNI-2

NNK= 3_N1-1

NN = 3_N1

DNOM=GIM(NNN)_2-GIM(NNN)_GIM(NNK)+GIM(NNK)_2+3.0_(GIM(NN)_W2)

B=-((ALBAR(NNN)-SQ(NNNI}W(2.0WGIM(NNN)-GIM(NNK))+(ALBAR(NNK)-SQ(NN

K)}_(2.0*GIM(NNK)-GIM(NNN))+(6°O_GIM(NN)_(ALBAR(NN)-SQ(NN))))/D NOM

C=((ALRAR(NNN)-SQ(NNN))_2 -((ALBAR(NNN)-SQ(NNN)}_(ALBAR(NNK)-SQ

(NNK)))+((ALBAR(NNK)-SQ(NNK))_2) +(3.0_(ALBAR(NN)-SQ(NN))_2)

-Z)/DNOM
IF(PMA)37,37,39
PCRIT=(-B-SQRT(B_W2-4°O_C))/2°O

GO TO 40
PCRIT=(-B+SQRT(B**2-4,O*C))/2,O
P=PCRIT

DO 265 I=I,NCOMP

SIGMA(I} = GIM(1)_P + SQ(1)

EE(1) = SIM(1)_Q ÷ REST(1)

CONTINUE

DO 51 I=I,MCOL

NNPP(1)=O

DOSO J=ltNODE
CSM(J) - 0,0

U(J) = 0.0

U(N1) = NI

IF(KLU) 22*23*22

CSM(N1) = -1,0

NNPP(1) = N1

CONTINUE
PfP+DELP

IA=0

DO 120 K=ltNODE

NNN = 3_K-2
NNK = 3"K-I

NN = 3*K
YCE = (SIGMA( NNN

w(SIGMA(NNK

_2

)-ALPHA(NNN ))_2 -((SIGMA(NNN

) -ALPHA(.NNK ))) + 3*0 _(SIGMA(NN
+(SIGMA(NNK)-ALPHA(NNK))_2

I

i
I

I
+ (Z2- i

I

I

I

I

I

I

I

)-ALPHA(NNN ))

)-ALPHA(NN ))
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NI

i ....

122

2_

121
123
124

I 120C
C

C

I 1000

8930

89_0

Z9 : (YCE IZ-l.O)
IE(Z9+SNALLII21t122,122
U(K):K

I.F(._LU)2_,--,1,_O-*2_ ................................
CSM(K) = -1,0

IA = IA+I .....
NNPP(IA) = K

GO TO 120 - .
IF(U(K))123,120,123
WRITE(6,.124) K .
FORMAT(IH1, 5H NODE,

U(K)=-K

CONTINUE

16,9H UNLOADED, II)

COLUMN INPUT ROUTINE

J=l

DO 89&0 I=I*NOD_ .....
IF(U(I))8930,8940,'8930
J7=3_I-2
JS=3_I-&
Jg=3el ...........

LIJ)=J7

L(J+I)=J8 ......
L{J+2)=J9
J=J+3 ................

CONTINUE

....... b4J-,t_ggg .....................................................................

DO 740 I=I*MCOL

II=L(I) ..........

IF(L(1)-999)6015,604,6015
6015 I.F(NEC(II})740,6017*7_O ..........................

6017 IF(IAVAIL-MCOL)6006,6006,657

........ 6006 ........... _£L_/I-I-IEEC ........................................................................

...... &OO&_ .
6002

6003

[--  oo4 "
6005

74O

60t_

i ..... 601
...........602

603
C ,

I- C

.............

IF(III16003,6005,6001

DO /:d302 JJ=l, III ..................
READ(9)
GOTO 6005 ........

III=(-1)wIII

,DO _>004 JJ=1,111 . - .............................

BACKSPACE 9
READ(Q) ($1-J(JJgIAVAIL},JJ=I_NCOMR) .-

TREC=II

NEC(II)=IAVAIL ........
IAVAIL=IAVAIL+I

GO TO 60_.5 ...........................................................

CONTINUE

DO 601 I=I,NODE

IF(CSM(I})602,601,601

CONT.INUE -
GO TO 603
CAL.b._FR..TI_ ............

CONTINUE

COMPUTE INCREMENTS OF TOTAL STRAIN- AND GUM

DO 103 II=I,NCOMP

SG=O,O

DO 104 JI=I,NCOMP

4:(JI-I)13 +I

IF(U(N) )i0z_,i04, I05

..... 7-- ....................

ln_



C
C
C
C

C.

C
C

tub

104

103

116

140

I01

C

102

O

SG=SG + SIJ(II,KQ}* DSSI(JI)

CONTINUE

DE(It). a SG _.SIM(I1)IDE_

EE(I1} = EE(II) + DE(II}
DO IO0 I=IiN-ODE

NNN=3*I-2
NNK=3*I-1
,IL,

IF(U(I})I40_IOIPII6
IF(CSM(1))II5,102,102

COMPUTE THESE VALUES FOR ELASTIC NODES

DEP(NNN)=0,0

DEP(NNK)=O,0

DEP(NN )=0,0

DSSI (NNN)=0,O

DSSI(NNK)=0,O
DSSI (NN) =0,0

DSIG(NNN)= GNUI*(DE(NNN)+GNU*DE(NNK))

DSIG(NNK}= .GNUI*(DE(NNJC.}*GNU*DE(NNN))

DSIG(NN)=(EI/(2,0*(1,0+GNU)))*DE(NN)

GO TO 1101

MPUTE THESE VARIABLES FOR PLASTIC NODES

CONTINUE

SI= ((ABS(SIGMA(NNN )- ALBAR(NNN)

$2= ((ABS(SIGMA(NNK )- ALBAR(NNK)

S3=((ABS(SIGMA(NN)-ALBAR(NN})/D1}**(T-I.O))*(T/DI)

S4=SQRT(((SIGMA( NNN )-ALPHA( NNN ))**2)+((SIGMA( NNK

)_*2)+((SIGMA(NN)-ALPHA(NN))_*2))
Vl= (SIGMA( NNN )-ALPHA( NNN ))/$4

V2= (SIGMA( NNK )-ALPHA(NNK))/S4

V3= (SIGMA(NN )-ALPHA(NN ))IS4

CSM(1) = (V1"*2"$I) + (V2"'2"$2)+ (V3_'2"$3)

)/D)**(T-I,0})*(T/D}

)/D)**(T-1,0)}*(T/D)

)-ALPHA(NNK)

SOLVE FOR STRESS INCREMENTS

SMA2= SIGMA( NNN }-ALPHA( NNN )

SMAI= SIGMA( NNK }-ALPHA( NNK )

SMA = SIGMA(NN) -ALPHA(NN )
DB =(5,0 * SMA2**2 - 8,0 * SMA2 * SMAI + 5,0" SMAI**2

SMA*t2)/(4,0*(CSM(1))-}

CE(1,1 = ( SMA2 - 0,5* SMA1)**2 /DB + (1.0/E1)

CE(1,2 = ( SMA2 - 0,5* SMA1}*(SMAI-O.5*SMA2)/OB-GNU/E1

CE(I,3 = ( SMA2-O,5*SMAI)*(3.O*SMA)/DB

CF(2,1 = CE(I,2)

CE(3,1 = CE(I,3)
CE(2,2 = (SMAI-O°5*SMA2)_2/DB+ (1.O/E1)

CE(2,3 = (SMAI-0,5*SMA2)*(3,O*SMA)/DB
CE(3,2 = CE(?,3}

CE(3,3 = (3,O*SMA)**2/DB + (2,O*(I,0+GNU))/E1
RHS(1)= DE(NNN)

RHS(2)= DE(NNK)

RHS(3)= DE(NN}
ARG6 :0.0

M=IMEQF(3,3,I,CE,RHS,ARG6,ARG?)

+ 36,0 *
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......... 112

111
.......... tt_

l-- tt0

C

I-{.................

F .......................

I 115

C

C - CO M

_ IgL1,...........

L.I.. .....-t00

C

-C TE-& TC

70
.... 27.

i

GO TO (llO,lll_ll2)tM
WR ITEl 6t 113-} -
FORMAT(15H CE IS SINGULAR)
CALL EXIT. ....................................................
WRITE(6_II4)

FORMAT ( 9H OVER.FLOW ) .......................
CALL EXIT

CONT INUE .......... .............

.COMP_T_.J..A_T$..QF P.I._I_._..S-T.I_I-_...-II_ANSLATIOAI, AND-INITIAL

STRESS

DSIG(NNN)=CE(I_I)

DSIG(NNK):CE(291)

DSIG(NN) =CE(3_1)

ANUM :.($_GMA(-NNNI-ALPHA_Nb4N.)_-LI4.DSIG(NAIAL)-O,5_D$.I-G(NNK))+(SIGMA
(NNK)-ALPHA(NNK))*(DSIG(NNK)-0,5*DSIG(NNN))+3,O*(SIGMA(NN)

-ALRHA(NN))*(DSIGINN).) - -
DLAM(1)=ANUM/ DB

DMU(1)=ANUM/(((SIGMA(NNN.)-ALPHAINNN))*W2)-(ISIGMA(NNNI-ALPHA(NNN))
*(SIGMA(NNK)-ALPHA(NNK)))+((SIGMA(NNK)-ALPHA(NNK}}**2) +

_3_O*.(.£1C.._4A(NN)-ALPHAIN.N.)-_2)) ..........................
DEP(NNN)=((SIGMA(NNN)-ALPHA(NNN))-0,5*(SIGMA(NNK}-ALPHA(NNK)))

DLAM(1) ..............

DEP(NNK)=((SIGMA(NNK)-ALPHA(NNKI)-0,5*(SIGMA(NNNI-ALPHA(NNN))) *

.......DLAM(I) ..........

DEP(NN):3,0*(SIGMA(NN)-ALPHA(NN)I*DLAM(1)

DAL_H-L_WAI&_=_.S_Ia-._WIA-INNN):.--,&a.P..t-LAI._.).)-_DIVdJ(_).............

DALPH(NNK)=(SIGMA(NNK)-ALPHA(NNK))*DMU(I}

DALPHINN-}=(SIGMA(NN)-ALPHA(NN))*DMU-(-I) .....
DSSI(NNN)=-GNUI*(DEP(NNN)+GNU*DEP(NNK})

DSSI_NNK|___-GNUI_(DEP(NNK.}÷GNU_DE_{NNN)) .............

DSSI(NN} = -E1/(2°OW(1,0+GNU))*DEP(NN)

ALPHA/.IgIRJ__I=ALPHA(_NNI,DAL.PHt_ ...........................................

ALPHA(NNK)=ALPHA(NNK)+DALPH(NNK)
ALPHALNAI}=ALPHAINN)+DALPHII_) ..................
SSI(NNN) = SSI(NNN} + DSSI(NNN)

SSI(NNK)=S$1(NNK).+DSSI(NNK) ..........

SSI(NN):SSI(NN)+DSSI(NN)

EP_N_.:EP(NNN)_DEP(NNN.._ ............................

EP(NNK)=EP(NNK)+DEP(NNK)

EPINN)=EP(NN)*DEP(NN) .....

PUTE THESE VARIABLES FOR ALL- NODES

$_-GI_LC_NNNI=,_SIC_A(..NNN)+D_GI.N.N.N) .............................................

SIGMA(NNK)=SIGMA(NNKI+DSIG(NNK)

SIGMA(NN):SIGMA(NN}+DSIG(NN)

ELAS(NNN)=(1,O/E1)*(SIGMA(NNN)-GNU*SIGMA(NNK))

ELAS(NNK)=II,OIEI)*ISIGI_IAINNK)-GNU*SIGMAINNN))

ELAS(NN)=((2°0*(I°O+GNU)I/EI)* SIGMA(NN)

CON_IN_JE ............................................

FOR PERFECT PLASTICITY

I F ( KLU} 26,70_26
IF(ZFL)26_27_27
CQNT I NUE ......................................
DO 117 I=]_NODE
N1=3"I-2
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ll&

I17
26

....... 125
i

132
130

131

.12 6

2000
2003

I

2002
2001

2021

!

2050

2006

i ...... 2007
2008

i- 2009
2010

2011

N2=3"I-I

N3=3,I ......................

ALI=(ALPHA(N1)-ALBAR(N1))

.A/.-2.__(_,AJ.P_I4A(N_)-ALBAR.(_2./.)

AL3=(ALPHA(N3)-ALBAR(N3))
FLOW = ALl**2 -_ALI_AL2 ÷ AL.2**2 + 3,0*A.L3**2
IF(ZFL-FLOW)118t118_117
CSM(1)=-I.O

IA=IA+I

NNPg(IA)=I ...............
CONTINUE

CONTINUE

IF(P/RMXLD - 1,0)1329125t125

CONTINUE

KTRANS = 2

GO TD 126 ..........
IFIICOUNT-INT)130_131_131
ICOUNT = ICOUNT + 1
GO TO 41

CONTINUE

ICOUNT = 1

WRITE(612012} P

WRITE(6t2000}
FORMAT(/ 21X_I6HELEMENT STRESSESt

FORMAT(IHOtTHNODE

WRITE(6t2003)

DO 2001 I=ltNODE

NNN=3*I-2 ....

NNK=3*I-]

NN = 3"I
WRITE(6t2002) ItSIGMA(NNN)tSIGMA(NNK)_SIGMA(NN)

FORMAT(3XoI3o2XtEI6,8_3X_EI6,8o3X_E16o8)

CONTINUE

DO 2020 _=I,NODE .........
IF(U(K))2021,2020,2021

NNN= 3"K-2

NNK= 3*K- ]

NN = 3*K

WRITE(&t2006)

WRITEI-6•200?) .K,CSM(K)_DLAM(K)_DMU(K)

WRITE(6t2008)

WRITE(6J2009)

DEP(NN)

WRITE(6t2050)

FORMAT(IHO)
WRITE(612010)

WRITE(6_2009)

N)
WRITE(6t2011)

/)

NO94XtTHSIGMA-X_I2X,7HSIGMA-Y_13X_7HTAU-X_Y)

DALPH(NNN)oDALPH(NNK),DALPH(NN)tDEP(NNN)*DEP(NNK)_

ALPHA(NNN)tALPHA(NNK)_ALPHA(NN)tEP(NNN)tEP(NNK)tEP(N

WRITE(6_2009) EE(NNN)_EE(NNK)tEE(NN)_ELAS(NNN)gELAS(NNK)tELAS(NN)

FORMAT(1HO_IOHELEMENT NO_IgXglHC_I6X_4HDLAM_ITX_3HDMU )
FORMAT(IHO_IIQ=6E20.6_
FORMAT(IHO_16X_I_H DELTA ALPHA-X_6X_14H DELTA ALPHA-Y_SX_15H DELTA

ALPHA-XY_gX_IIH DELTA EP-X, 9X_lIH DELTA EP-Y_

7X_13H DELTA GAM-XY)

FORMAT(IOX_6E20,6)
FORMAT(18X_12H TOT ALPHA-X_ 8X_12H TOT ALPHA-Y,TX_I_H TOT ALPHA-XY

_7X_I3H. PLAST_C F.P-X,?_,I3H PLASTIC EP-Y_SX_ISH PLASTIC GAM-XY)

FORMAT(1HO_21X_ 9H STRAIN-X_IOX_ 9H STRAIN-Y_IOX_IOH STRAIN-XY_ ?X

_13H ELASTIC EP-X_TX_I]H ELASTIC EP-Y_SX_ISH ELASTIC GAM-XY)
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66

• . "]_

I

L

FORMAT(1HOt3Xt17H LOAD LEVEL• P " , F8°0 )
CONTINUE ....... " : .

GO TO(41,65 },KTRANS

WRITE (IO}ALBAR,ALPHA,CSM,D,D1,DALPH "'---"'-'"--"_---'--,DE,DEP,DELP,DLAM',DMU,DSIG,

............ _ • _ 1 _E E-_E_-_EL AS+EP-.G _GIM.GNU • GNU 1 * I AVA_I 1. • I N T _ I REC t
KLU,Lt MCOL,NCOMPtNEC,NNPP _NODE,NPND tP 9PCRI T'tREST tS I GOt

- - $_._MA •51 J, S I.IvL,.SJ_AJ.L_SQ-_.S-SI_•:r-,-U•Z •ZF L
REWIND 10

GO.-T_---_ ...........................

WRITE(6•2030)

FORMA_H--NUMBER--OF-- COLUMN&E-XC-E-ED$-AVAI LABL-E 'SPACE )
REWIND 9
PAUSE- 2 ................

CALL EX IT

END .........................................................................

SUB ROU T_I_N_E_SE TAP E.(NUN !T, _.L__E )...................................

DATA SIGNAL /0111111111111 /

RE.WIJ_ID .9.......................
NSET=NFI LE-1
IF (NSET) 3__t.3t_4.......................................................
DO 1 I=ItNSET

READ.• (9) .X.....
IF(X-SIGNAL)2_ 1,2

I ......................_c ..............................................
• 3 RETURN

END .......

_ •
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SUBROUTINE PERTIC

PERTIC LIST,REF

SUBROUTINE PERTIC -

COMMON ALPHAII65)

COMMON_.CSM(..-r._I-.-.....

COMMON DELP

COMMON DEP(I_9) .....
COMMON DSIG (165}

COMMON DSS[FI_5) ....
COMMON E(3,3)

COMMON--EI.(_,B--k .......................
COMMON KLU

COMMON MCOL ...........
COMMON NCOMP

COMMON NEC(165)

COMMON NNPP(57)

COMMON NODE ...................

COMMON SIGMA(165)
COMMON STJ(165,57)

COMMON 5IM(165)
DIMENSION ARG7{57 )

DIMENSION 8A(57}

DIMENSION'ETI{5_}

DIMENSION ET2(55)

DIMENSION RHS(_7)

DIMENSION ZMTRX(57,57)

KOUNT=O

DO I J=I,NQDE .......
NI=3*J-2

N2=3*J-1
N3=3*J

IFICSMIJY))6,6,7

KY:NEC(IY) ...........

O:Q+SIJ(I,KY)*DSSI(IY)

CONTINUE .............................................................
RHS(NY)mQ
NY'NY+I .......

CONTINUE

7

IF(CSM(J)}2,1,.! ....
2 SBI=(SIGMA(NI}-ALPHA(Ni-i}_(SIGMA(N2)-ALPHA(N2))I2,

SB2=(SIGMA(N21,_LPHA(.N2.).I-_/.IIG.M...A(NI)rILPHAI.NI))./2,
SB3=3.*(SIGMA(N3)-ALPHA(N3))

ETI(J):SB21$B! ......................... ..............
ET2(J)-SB31SB1

KOUNT=KOUNT+I ......................

I CONTINUE

...... NRW_}*KOUNT ......................................................................
DO 3 I:I,NRW

RHS(I}=O,O .........................................
DO 3 J:I,NRW

. 3..... ZMTRX(I_J}=O, ...............
FORMATION OF RIGHT HAND SIDE

.... NY=I .................................................................
IF(KLU) 30,31,30

31 CONTINUE ......
DO 4 I=I,NCOMP .............

J= (I-1113÷I ...................................

IF(CSM(JIIS,4,4

...5 O=O, ............................................................................
DO 6 IY=I,NCOMP

. JY= (I.Y-1)/3+I .......................



' i......

3O

9

8

12

15

11

16
10

17

CONT INUE

MK=I

DO 8 J=I,NODE

IF (CSM(J))9t8,8

N 1 =3w'J-2

N2=3*J-1

N3=3*J

RHS (MK) :RHS (MK) +S IM (N 1)*F')FI P

RHS ( MK+I ) =RHS (MK+I) +S I M( N2 }*DELP

RHS ( MK+2 ) =RHS (MK+2 } +S I M (N3)*DELP

MK=MK+3
CONTINUE

FORMATION OF COEFFICIENT MATRIX

NQ=I

MZ:I

DO !0 L2=],NRW,3

M22=NNPP (MZ)

BA(L2)=E( 1,1 )+El 1,2 )*ET1 (M22)
BA (L2+1) =E( 2,1 )+E (2,2)*ET1 (M22)

R4 ( L2+2 ) :E ( 3,3 )*ET2 (M22)

NX:I

DO 11 I:I,NCOMP

IX=( I-1 )/3+1

IF(CSM( IX I ) 12,11.11

NZ=I

0=0.

DO 14 LY=I.NCOMP

J= (LY-I)/3+1

IF (CSM(J)) 15,14, 14

KZ=NEC(LY}

O=O+SIJ ( I ,KZ)*BA (NZ)

NZ=NZ+I

CONTINUE

ZMTRX (NX ,NO) =Q

NX=NX+I

CONTINUE

NO=NO+3

DO 16 IK:I.NRW

BA( IK)=O.

MZ:MZ+I

MX=I

MK=I

DO 17 I=I,NRW,B

M22=NNPP (MX }

ZMTRX (MK, I )=ZMTRX (MK I.I )+I •

ZMTRX(MK+I,I}=ZMTRX(MK+1,I)+ETI(M22)

ZMTRX(MK+2.1)=ZMTRX(MK+2,1)+ET2(M22)

MK=MK+3

MX:MX+I

MB=I
DO 18 I=I,NRW,3

MQ:NNPP ( MB )

11:1+I

12:1+2

ZMTRX

ZMTRX

ZMTRX

ZMTRX

ZMTRX

ZMTRX

I.II)=-EI(1.1)*ETI(MQ}+EI(1,2)

] . I2) :-El ( I ,I )*ET2 (MQ)

II,I1)=-EI (2,1)*ETI(MQ)+EI(2,2)

II,I2)=-EI (2,1)*ET2(MQ)

12,11)=0°0

12,12)=EI (3,3)
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I ........ i

18
C

C. SOL .U
C

I
i .......

R 24

i ........ .

t ......

MB=MB+I _ -

T ION OF THE.. SIMIULTANEOUS. L.INEAE_E(_IJ.AIIONS

ARG6 =0,0 .................

M=IMEQF(MCOLtNRW_I,ZMTRX_RHStARG69ARGT).

GO TO (21,20t_19),M

WRITE(6922)

FORMAT.(19H.MATR.IX IS
CALL DUMP
WRITE(6t23) ..

FORMAT( 9H OVERFLOW )

CALL DUMP _

MB=I

DO 24. I=.I,NODE . ......
IF(CSM(1))25924924

N1:3"I-2
N2=3"I-I
N3=3"I
DEP(N1)=ZMTRX(MB,1)
DEP(N2)=ETI(I)*DEP(N1)
DEP(N3)=ET2(I)*DEP(N1)
DSIG (N2)=ZMTRX(MB+ltl)
DSIG (N3)=ZMTRX(MB+2,1)
DSIG (N1)=-ETI(I)*DSIG (N2)-ET2(I)*DSIG
DSSI(NI)=-(E(191)*DFP(NI)+E(I,2)*DEP(N2))

DSS!(N2)=-(E(2,1)*DEP(N1)+E(2,2)*DEP(N2))
DSSI(N3)=-E(3_3)*DEP(N3)

MB=MB+3
CONTINUE
RETURN
END

SINGULARI .......................

(N3)
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LISTING FOR EIGENVALUE PROGRAMS

BUCKLING OF i<ECTAN_ULAR PLAIES GENERAL

COMMON JItJT)X,Y,AO,oJ_LOLOL,___AA

CJM,40N JlI t/Ni::}NU,6jAKG)IM,NJ'I"5,ANU)LIN

COMMON Et Ht ES tET rKLUt APrl Ii_.TAt GAMt EN

COMMON OEN_NCO,ST) [L_UC,KLU4

CUMMUN PXtPY)PXY)OSA_OSY)DSXYtSi"IAX

DIMENSION Jl (4) , JI| all) iX| UI),¥ [_L), JII (04)4)

DIMENSI;JN N'6NDi8[)4) tLOCO_-(1_),'3(L_,)16)

DIMEN,SIUN CITL3251 ,A/>,(_)._) ,AL)(3) ,BO(3)

DIMENSIUN JD(4} tAK6(J.OlLoJlO([5.)) tVILSO}
OIMENSIUN CA(15OI,',3XiLJOt)_(ISO),Q([50)

DIMrNSIUN PXI50),PY{bOI)PXY{50)

EIGENVALUE PROGRAM

OIMENSION OSX|5OI)L)SY{ 501 ,uSXY(50!

DUdbLE PRECISIdN P(tSO|

DO 42 I=t,,_t

X( [ l=O.

Y( IJ=O.

42 Jl([ )=0

Dj 4-) J=l,4

J[(J;=O

43 JD(J;=O
DO _4 K=L,3

AO(K}=O.

44 BO(K|=O.

i

DO _5 L=L,16

LUCOL(L)=O

DO e. 5 M=L, t6

G( L t 14} =0.
45 Ar.,G( L, M I =0.

DO 4o N= 1,4

I
DO 40 II=t,64

4b Jl I( {I,hl)=O

DO _I JJ=I,4

00 4( KF_=ItSI

I
4Z NBND(KK,JJ )=0

OO ",8 LL=I,150

Ul LL )=0.

I
V[ LL )=0.

LA|LL)=O.

BX(LL|=O.

W{ LL J=O.

48 QILL )=0.

DJ 4'-_ N=I,bO
0.5/,1J,l| =0.

DSY_.I)=O.
DSXY(N|=O.

P_(NI=O.

PY {NI=O.

49 PXY(NI=O.

2000 RE,lIND 2

Ol=U.
BK=I.

RkAO (5,99| NJTS,F.Lu)b, LUZ,I_LJJ)&LU_tF, LUS,NkIGtLUT

II= (KLU |40,41,40

I

I
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41 WRITE (6,208J

GO TO 5

40 _RITE(6y209)
5 IdL=I. _' lO.-t-:_|-kdll

RI-AD( _,98} ANUt E,H,NCO,_ 1

WRITE(_,27} KLU, _LU2 f KLU3_ KLO4t KLU5 t NE IL;.LOT

wk l T E( 6__2_8) Ai_UdLLO_ NC__SL/
I F (KLO3) 4, 9,4

WKIT_(b,b[) XSZ, YS L_XK i _ V,'_l t NJ I S,NMEM

XNZ=XNI

YN2=YNI

..... __u_!._ i=_t_ N4.T._........................................................
XI I )=( (XNt-XNZI/IANiI)_:ASL

.... __Y__(.I j = { ( Y_.._N_I-V N_2. J/_ { _'N J+) ) * Y'3 Z .....................................

dl ( 1 )=I

XNZ=XN2-1 .

IFIXN2}), l,l

__J__x_,__2- xNt ................................................................
YNZ=YN2-I o

.... t_ c_oj_+k[!]u __..............................................
mR ITEI6,6_'I

W_,ITE(o_O3) {JT(IJtXIi}tY(IJ_I=L_NJTS)

NN i= XN I

NNZ= L

NNJ=ANI+2.

NNZ*: XN i

DO Oq. ME_4=I,NMt-_rl

Jl t( MI_M, I I=NNZ
J I i( I_IEM,21 :NN2+ I

...... .J__I I ( MEM, 3} =NN3 ...........................

J I [ { +4EM, 4) =NN3+ J.

_ NN2=NN2+I. ................
Nr, 3:NN 3+ 1
NbM=MErI-NN 4

IF (J_E,'4164, bS, 65

O__5__.Ni_Z2= NN2+ t ............
N,_3=NN3÷L

.... _Nz,-- NN I+MEi'I ................

64 CUNTINUE

GO Tt] 70

9 REAl)(5,100) (JTIiI,X(i}, _{I),[=LtNJ]S)

........ WV, Ir E (6,200i

i_kIl-E {5,201) (Jl-ttl,Xiil,Y|II ,[=L,NJIS}

t F ( i_[_M-99 ) 6,7,(}

6 DU LO 1=/,4

JiI(i,IEM, II:JI(l)

_J,_O__(O.N [ INUE ..............................................
KU DE =PIEM

___oZo 8
I CUt+I INUE

MEH=KOUE

(0 i-IRlldlo,Obl ((JLLim,,,_I,i_I=L,-_| _K=I, Mt-M)

1FIKLU_I 5050,_])t,bUSO
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50 5 1 APIt, L_TA, GAM, EN • I)E i_.

APH, _TA_ GAA t _N _i_FN

REAL) £5,103}

WRIrL(6, L09)
GO TO 5052

5050 WRITE |6,9L)}

DO IL MEM=ItNMEM

REAO(5,}03} PXIMEMJ,L)SAiMEM},PyIMEM},L)3y(MEM},PXY(MEM},DS){YIMEM)

71. _RITE(6,97) PX(MEAI,DSA(MEH),PY(MEM},DSY(MEMI,PXY(MEM},DSXYIMEMJ

5052. I F (KLU5 } 5000,506 l t )CoO
5061. I_3UC=I

DO II I=I,NJTS

DO Ii J=1.t4
NBNL)( I ,J ) =0

WRITE(6_207)

lI

120 12. I=I,NJTS

RLAD{51.}02} JOINT,J!JI L},JJ(2),JL)(3),JDI4}

WRITE(6,203) JOll_(,JO(1.} ,JU{21,JO(3) ,JL)(4}

DO 13 J=Ir4

IF(JO(J}) 13,1_, i_

14 N6NO{JOINT,J }=IBUC

I_UC=I_UC+IL

IF{ IL_,UC-ISO)L3, L3, L5

1.5 WRIIE[6,206)

CALL _X I f

13 CONTINUE

12 CUNr INUE

IuOC=I BUC- 1.

506,0 REAO(5,550} STUPIT

LBUC=( ( IBUC+I)*Li3uC|/2

IF(KLU2} 504_402)_04
506 WRIIE(6,23)

23 FURMAT(IHOv}.4HTHE NutNL) ARRAY}

_RI."E(o,Z4)|NBNbI[, t),Nei_Ol 1,2},NBNDII,3|,N,3NDI|,6I,I=ItJOINT)

#02 DO d:iO KK=I,LBUC

89(5 CIKK l=O.

FLRSI=O.

CU Lb [M=I,MEM

IM=IM

LIN=6

IF(FIRST) 551,55Z,551

55I IF(KLU4) 552,553_562

553 IF(KLd3-1) 552,554,552
552 CALL BSTIF

FIRSI=I.

554 CALL STACK

I6 CONTINUE

I F (KLU2) 6000,400I _ _OOd

4000 _WRIIE(O, 70_}

CALL SCRIB_

400I CALL FUTILE (C,LbdC,NIX_

C

C FORMATION OF L 1NVL_MSE

C

IF(NIX}500,501_SC2
501 WRITE(O,600)

GO TO 503

500 WRITE|b,bOL)
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Ga TO I009
502 :ak[ ibi0,602l

GO TO 1009

503 IF(_LU2)4002,4005,400Z
4002 WRI[E16,57)

CALL SCRIBE

4003 IK=l

IQ=O

KK_=I_UC+I

DU 300 IL=2,KKK

IF( IK-l}3Olt3Olv3O2

302 1P=IK-1

......... v_d_J Q3 a :_,_!__t ..........................................
C( iPI:-I.*C(IP}IC( i_,}

...... k_o3 _I_P= IP- i
301C(I_)=I./C(IK)

IK=IK_IL

OO 304, _,=I,I_UC

............ _jT E_ !2!_. (c (_6£ !, _,__ =__, __Z}.............................

___330_4___.L_=_ Ut_.........................................................
acwlNO 2

DO 891 KK=_rLbOC

897 C (K_, I=L).

FIRST-O. . ................................
OtJ 17 IM=ItMEM

I,'I=IM

LIN=4

IFIFIRST) 555e5>_,5_

........ 55Y IF(KLU3-1). 556_55.J_t___Su ........................

55b CALL i_S]IF

. Ir_l=l

558 CALL STACK

17 CGN[INUE

IF (KLU2 }4000, _.9C _, 4006

_ _000 WRIIE[O,?04} ............................. :
CALL SCI_IBF

_._._O__J_Y_V_J __Q5 LK:-- I_IJ_uC_ ................................. _._
R_AU (2) (CAIKQI,_=/,L_)

CALL 0AGGER(C_ II_UC_A_L_W___
305 Cdi_l INOE

...... R/_ I_ND 2 ........................................................

IF (KLU2 }400d _ 60C9_ _OOd

__4008_WRI[E(6_ F02|

702 FU_,,IAT( IHO, 14t10 AE[EK uAGGERI

CALL SCRIBE

_009 CALL S_ITCH[C, Iddc}

M=ll_25

CALL dI_SYM (C, I,-_,JC,NEIb,M,dX,P,Q,U,V,MISS)
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306

IF (M [$S 1306,307,300

WRIfEI 6, 30_)

GU TU 1009

30/

310
309

tO00

wRITE(b,310) (bX([},i=I,NEJG)

FOR_AT(13HO EIGENVALOESI/|LPOE20.7})

[F(KLU)IOOO,IOOO,LO01

wRIIE(6_I04}

IF(_LJ4) I004, 1005, [O0_

1005 EXOO=(I./BX[I) IaAPH

EY,]O=_ l.IBX( 1 ) I-_6TA

EAYL}D={I.IBX(I} )_GAM

W_ITEI6, 105) LXO0, EYOD,EXYO0

GO TU t009

-i004 OU 50_+0 II=I,NMt_

P×( I i )=PX( II }/SX{ [}

PY{II}=PY{ II}IBX{L)

5040 PXY(II)=PXY(II)ISX{I)

WRITE {0,26} (PX(II},PYIIII,PXY(II;,II=T,N_4Ei_}
GU TO t009

1001 ERROR ={L.IVJX(II}-I.

IF ( IzRRU_, I 411,403,412

412 IFIOI} 4t6,414,_14

414 IF(%LU4)420y41_429
41_ EN=EN+DEN

Di=I.

GO TO 402

_20 DI=I.

421 Du o5 IN=I,NMEM

P,_ ( I N) =OSx,( IN} _I) I+PX( I i,J)

PY(tN}=OSY{ IN)_UI+PY{I W)

35 PAY{ Iiq)=DSXY(IN_,_OL+PXY(LN)

GO TO 402

416 IF(_,LJ4) 42(,,_22,4Zzt
422 DtN=DEN_. 5

E i_=LN+OEN

Ol:t •

GO TO 40Z

424 Ol=l.

427 OO 37 Ii_=t,NMEM

DSX{ tNJ=.5_OSX(IN)

OSY( IN}=.5_DSY( [NJ

"37 DSXY (|N)=.5_DSXYIIN)

GO TO qZI

411. IF(OIl 413,413,415

413 IF(F, LJ4) 419.,4t7,419

4t7 EN=EN-OEN

DI=-I.

IF ( ERRO_,+TOL ) q02,4C3, _0_
419 DI=-I.

| F( ERROR+ [[JL ) 421, _03,4(]J

415 IF(KLU4)425,42),gZb

423 OEN=. 5_-OEN

E_= E,N-DEN

01=-I.

I F ( ERKOR+TOL ) 402,403_ 40_
425 0t=-1.0

129



IFIERROP,+TOL) 427 ,_0._, z,Oi_
'i.03 WRITE(O,105) ERRUR

WR ITE(oe i01)
IF (KLJ4) i007, IOCS, i OG7

].008 EN=_N+L)EN

EAIX=APH#EN

ENY=dTA*EN

ENXY =GAM_EN

WRITE(6,I08I ENXrENY,ENXY

GO TO 1009

7007 _RITE(6e26) (PXIII)ePYIII}ePXY(II)III=teNMEM)
1009 IF(SIJPIT)E7,200C,o/

_____! CALL EXIT

24 FORMA[( LHO, I5,5X, I _,5X,l b,5×, I 5 _

26 FJN.4A[( LHO, £ Lb. _, _ e_/6. d, 5_, E 16.81

27 FORMAl'( [HO_4fIKLU= w [5,3Xe 9HKLU2=_ISt3XfSHKLU_I=IpISv3X_SHKLOZ,=rISe3X I
LSi4F.L b5=, I 5,3X, 5tii_ to = , l_, IX, _,4L JT=, I4)

.... _2__8F9 _ ._A T ( IrlO.t4 lIAN L---±_ I_u.__z ._X, 2 d E_ E l 6.8 I,5 X e2 H II: eE [b. 8 v J X e4 H N C 0: _ 15 _
IX t5HS r=, E [6._ )

__ 5_?_F_O_.L'i_T(L_M.O, IILIRhSJLTS UP FUTILE)

60 FUiKMAI(4Fo. I,I2)

61 FLIRMAT( LHOe4HXSZ=rFE.L_jXe_HySZ=eFb.lejX_,HXNI=,/FO.lejXr4HYNL=eFb ,

IT, 3K, 5HNJTS=, i 3,3_, )HNMc N: e l J}

62 FOR,4AT ( tilL!,IX, b_{!JJ i,_l__,__X,IH_X_,9A, IHY )-

b3 FdR*d,AT(IHO, [5,7X,_-t.Z, 3X,FT.2)

6_, FORMAr(..I_I.U_O J ll x_R_!AY./II__IbI}

90 FO_KMAF( IIIO,_X,2HP4, IJX,311U3X,L_*X,ZdPY,13X,3rIDSYilkX,}HPXY,IZX_kHD-%

LXY)

9]' FJR4Ar( LHO, £1b. _, tX,_ t_. _,1_, E 1_. 8, IX,EiS. 8, IX, £15.8, lX,E 15.8)

......__98 F URMA[( Jhl4.8_ 17,Fib. Z)

99 FO_AT(,_I 3}

100 FORMAT( 14,2E12. 1}

lOt FuF<MA[I I_, I2_,413)

ILO_ FLJRMAT(513)

103 FORMAF(OFLO.2)

___h04 FORMAT ( 29H0. /tit_ __.JCK_ l:.,l_, _ I_,ES_S _AKE. / t_lO, 6x_,_4dNXJ )±J_.X__t4Hf, lY__t
I1 (;K, 5HN×YIDI

• ]. 0 5

106
I07

....LL)8
t09

..... i t3 x, 'g'UDEN = , F9 ,._3_

200 FLItRM,_ I-( 5z,_, '.)HJD I I',il- _ 9X, biX, IbX_ i,IY}

201, kb_{MAr( J3A, [4, bX,Zh rE. Ii

203 FU,_4AT( 3X,14,4X,I_, 7X, i_,,OX,l'.,EX,14)

.... Z0_ FORMAT( 3(HTHE Pt4J_3Llzr4 [:XCizcDS AVAILABLE STORAGE

FUR.4AF(7HU dkku._<I/{ IeOW_ZO.7) ;

FJH,vIA[(29_tO TH6 ,:_UCiiLLE,I_, SI-;.Y,6...'..SSt-::S ARE /[HU,-_,_HNX,L'gX.2HNY,19X.
i3HN,KY)

FUkAA[( [.IO_,'.HAPH=,F_.Z,3X,Z, rIdTA=,F6.2,JX,kHGAM=,Fo.;',_X,3HkN.=,F9,2

I

WXYI207 FURMAT{_X,WIINUOC,o_(,/M_,_X,JH _A, IX_3H laY,OX_SH
.... _,_Q_d FORMATIk..I:I._.LJJ.HrHIS I.b ai'_ ELASTIC I_OCKLIhlG RUN}

2.09 FUKM._,rIIHI,3OHfhI_ LS a PLASIIC BUCKLING RUN)

3oa FOrMAt( LHO, ISHERRJR J.[,l 61_Yi4_ ',
550 FUR_A [ (FS.(,)I

bOO FURIA]( LHO_2aHFL.TIL,= _Ab IROUELC FREE)

601 FORAATI IMO,26HC [3 i_UT POSITIVE L)EFINITE)
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_602 FURMAT(IHO,_HUVE_FLQWJ
703 FORMAT(IHO,IZHC FROH BSf.|FI

704 FORMAT[14HO C FRGI_ M_TAP}
END

131



C BUCKLIN_ fiF RFCTAN£.III AR DI ATr- S CgNSTANT STRESS

C P RO GR AM

....... COMMON J I 9 JT ,_X _ YjAD_tB__D, JD tLOCOL_,C tA_ A
COMMON J I I vNBNDv GtAKG, IMtNJTStANUtLI N

COMMON Ev H_ ESv ET_ KLU_, APH I,BTA z,GAMt EN

COMMON DEN_NCO,S7tIBUC

....... DIMENSION JII41,JT_(BIIgX(BII,Y_IS!I,_JIL(6k,41

DIMENSION NBND(81,4|tLOCOLII6|tG(16tI6)

DIMENSION C(113251,AAK4,3),ADK3),BD(31

FIELD EIGENVALUE

DIMENSION JDI419AKG(16tI6)tUllSO|,V(150}

DIMENSION CAII5OI,BX(15OI,WIlSO|tQ(150)

DOUBLE PRECISION PlI501

DO 42 I=1,81 ........................................................
X( I I=0,

yl I)=o...................................................
.... 42 JT( I )=0

DO 43 J=l,4

JllJ)=O

43 JD(J)=O

DO 44 K=I,3

AD(K )=0.

44 BD(K ) =0.

DO 45 L=1,16

LOCOL(L)=O

DO 45 M=I,I6 ............................

GiL_MI=O,

45 AKG(L,M}=O.

....... DO 46 N=I,4

DO 46 II=I,64

46

47

Jill II,N)=O

DO 47 JJ=l,4

DO 47 KK=I,81

NBND( KK,JJ )=O

DO 48 LL=l,150

U( LL |=0,

V(LL)=O.

CAILL I=0.

BX(LL I=0.

W(LL)=O.

4a QILL_=O.
2000 REWIND 2

DI=O°

BK=I°

..... EK=I*-

READ(5,991 NJTS,KLU,KLU2,KLU3tKLU4,KLUS,NEIG,LOT

IF(KLU 140,41,40

41 WRITE (6,208l
GO TO 5

40 WRITEI6,2og|

5 TOL = I. • lO°*_(-LOT) ._

READ( 5,98 | ANUtE,HtNCOtS7
WRITE(6,271 KLU,KLU2_KLU3tKLU4,KLUS,LOT

WRITE(6,28 | ANU,E,H,NCOt $7

IFIKLU31k,gt4 .................................
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I 3
I

I

i _. 65

5061

11

4 REAl) (5,60) XSZ,YSZ,XNI,YNI,NMEM

WRITE(6,01) XSZ, YSZ, XNI ,YNI ,NJTS,NME M

XN2=XNI

YN2=YNI

DO I I=I,NJTS

X(I I=((XNI-XN2)/(XNI) |w_XSZ

Y( I)=( (YNI-YN2)/(YNI))_YSZ

JT( I )=I

XN2=XN2-1.

IF(XN2IBt I,I

XN2=XNI

YN2=YN2-I.

CONTINUE

WR [TEl 6,62 l

WRITE{6,631 (JT{ I ),X( I ),Y(I ) ,I=I,NJTS)

NNI=XNI

NN2=I

NNB=XNI+2.

NN4=XNI

00 64 MEM=ItNMEM

J I [ (MEM, i |=NN2

JI I(MEM,2}=NN2+I

JII(MEM,B)=NN3

J I I(MEM,4 |=NN3+I

NN2=NN2+I

NN3=NN3+I

NEM=MEM-NN4

IF{NEM)64,65t65

NN2=NN2+I

NN3=NN3+I

NN4=NNI+MEM

64 CONTINUE

GO TO 70

9 READ(5,100| (JT(I),X{I),Y(I|,I=],NJTS)

WRITE (&,200)

WRITE (6,20I) (JT(I),X(II,Y(1),I=I,NJTS)

READ( 5,I01 ) MEM,NTYPE, JI (I) ,JI {21 ,JI (3) ,JI (4|

IF(MEM-99 } 6,7t6

6 DO I0 I=I,4

JII(MEMtl )=JI(I)

10 CUNTINUE

KODE=MEM

GO TO 8

CONTINUE

MEM=KODE

WRITE{O,66) ( (JI I (KIN) ,N=I ,4) ,K=I , MEM)

READ (5,103)

ENI=EN

WRITE{6,109|

IF (KLU5 )5060,5061,5060

I_UC=I

DO II I=I,NJTS

DO II J=It4 ................

NBND( [tJ}=O

WR ITE{ 6,207 |

APH,BTA,GAM,EN_DEN

APH,BTA,GAM,EN,DEN,T[IL
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C
C
C

DO 12 I=I,NJTS

READ(5,I02) JOINT,JD(]),JO(2) ,JOI3|,JD(4)

_RITE(b,203D JOINT,JO(1),JO(2) ,JD(3) ,JO(4)

DO i3 J=I,4

IF(JD(J)) 13,I3,14

14 N_ND(JUINT,J)=IBUC

IBUC=IBUC+I

IF(IBUC-150)I3,13,15
13 CONTINUE
12 CONTINUE

I_UC= I_UC- I

5060 READ(5,550) STOPIT
LBUC=(( I_UC+II_'IBUC)/2

IF(KLU2) 504, IB, 504

504 WRITE(6,23)

2.3 FORMAT(IHO,14HTHE NGND ARRAY)
WRITE(b,Z4)INdNL)( I,I),NBND(I,2I,NBND(I,3I,NBND( 1,41, I=I,JOINT)

GO TO 18

15 WRITE(6,204)

CALL EX IT

18 FIRST=O,

DO 897 I I=I,L_UC

897 C( Ill=O,

O0 Ib IM=I,MEM

IM=IM

L IN=4

IF(FIRST) 554,555,554

554 IF(KLU3-1) 555,556,555

555 CALL MS[IF

FIRST=I.
556 CALL STACK

16 CONTINUE

IF (KLU2 14000,4001,4000

4000 WRITE(6,7031

CALL SCRIBE

4001 CALL FUTILE (C,IBUC,NIX)

FORMATION OF L INVERSE

IF(N IX 1500, 501,502

501 WRITE(6,600)
GO TO 503

500 wRITE(b,601)

GO TO lOOg

502 WRITE(6,602)

GO TO I009

503 I F (KLU214002,4003,4002
4002 WRITEI6,5?)

CALL SCRIBE

4O03 IK=I

IQ=O

KKK=IBUC+I
DO 300 IL=2,KKK
IF( IK- I) 301,301,302

302 IP=IK-I

DO 303 J=I,I(Q
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C( IP)=-I.*C(IPI/C(IK)

I 303 IP=IP-I301 C(IKI=I./C(IK}

IK=IK÷IL

I_ 300 IQ=I(J÷I" WRITE L INVERSE ON TAPE 2

C

I KZ:I
KQ=I
DO 304 K:I,IoUC

I WRITE [2) (C(KP)t KP=K_),KZ)KQ=KQ÷K
304 KZ:KQ÷K

i 402 REWIND 2, 00 896 KK:I,11250

896 C(KK;=O.

FIRST=O.

I DU 17 IM:I,MEM
IM:IM

LIN:4

IF( F IR 5T )55 I, 552,55155I IF(KLU3-1) 552,553,552

552 CALL BSTIF

FIRST=I.D

553 CALL STACK
17 CONTINUE

IF( KLU2 ) 4006,4007,4006

4006 WRITE(6,704I..... CALL SCRIBE
4001 DO 305 LK=I,IBUC

j READ {2} {CA(KQI,KO=I,LK)CA (LK I =CA ( LK |/EK
CALL OAGGERICtIBUC,CA,LK,W)

305 CONTINUE

J_ IF {KLU2 }4008,400g, 4008-_008 WRITE[6,T02)
702 FORMAT|IHOtl4HC AFTER DAGGER)

J CALL SCRIBE4009 CALL SWITCHIC, IBUC)
M=I1325

..... NEIG=IBUC

I BIGSYM(CI IBUC,CALL IBUC,M,BX,P,(J,U, V, MI SS)

IF(M ISS 1306,307,306

306 WRITEi6v308J

I CALL EXIT
307 WRITE(6,310! {BX(1),I=I,NEIGI

.....309 IF (KLU tI000, I000, I001

i I000 WRITE(6,104|EXOD=BX( IBUC)'WAPH

EYOD=BX( IBUC )'_tITA

EXYOD=BX( IBUC)_'GAM

J WRITEIb,I05) EXOD ,EYOD,E XY_}D
GO TO 1009

IO01 ERROR=BX( IBUC)-I.

I IF( ERRUK ) 411,403,412
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• 4i2
414

416

411
413

415

403

1009

67
24

27

I

I

57

6O

61

I
62

63

66

97

98

99

I00

I01

I02

103

I04

105
106

IF{DII 410,414,414

BK=BK+DEN/ENI
EK=SQRT( BK I
EN=EN +DEN
01=I.

GO TO 402

DEN=. 5_DEN

BK=BK+DEN/EN [

EK=S_RT( BK )

EN=EN+DEN

DI=I.

GO TO 402

IF(DI) 413,413,415
BK=BK-OEN/EN [

EK=SORT( BK )

EN=EN-DEN

DI=-I°
IF [ERROR+TOL )

DEN=. 5W_DEN
BK:BK-DEN/EN I

EK=SORT( _K l
EN=EN-DEN
DI=-I.

IFIERROR+TULI

WRITE( 6,106 J

EN=ENeDEN

WRITE( 6, I071

ENX=APH_EN

ENY=BTA=EN

ENXY=GAM# EN

402,403,403

402,403,403

ERRUR

WRITE{6,108J ENX,ENY,ENXY

IF{ STOPIT) 67,2000,67

CALL EXIT

FORMAT(IH0, 15,5X, 15,5X,15,5X,I5}

FURMAT(IHO,4HKLU=, [5,3X,5HKLU2 =,[5,3XtSHKLU3=, IS,3X,SHKLU4=, [5,3X,

5HKLUS=, 15,3X,4HLUT=,I2|

FORMAT( IHO,4HANU=,EI6.8,3X,2HE=,EI6.8,3X,2HH=,EI6._,3X,4HNCO=, I5,3

X, 3HSl=,EI6.8)

FORMAI(IHO,17rIRESULTS OF FUTILE)

FORMAT(4F6. I, I2 }

FORMAT( IHO,4HXSZ:,F6. I,3X,4HYS/=,I-6. i,3X,41"iXN].=, F6. i ,3X, 4HYNI = ,F6.

I, 3X, 5HNJ TS:, I3, 3X, 5H NME._I= ,I3l

FORMAT( IHO, IX, 5HJOINT,QX, IHX,gX, lilY)

FORMAT(IH0, 15,7X,FT°2,3X,FT.2)

FORMAT(IIHO Jl l ARRAY//{_*[5| |

FORMAT(IHO,EIS°8,1X,EIS._,IX,EIS.8,1X,EI5.8,1X,FI_.8,1X,EI5.8!

FLIRMAT (3E14.8, [7,FI0°2|
FORMAT( 813 l

FORMAT( 14,2E12.II

FORMAT( 13, 12,4[31
FURMAT( 5131

FORMAT( 6F I0.2 l

FORMAT(29HO THE BUCKLING STRESSES ARE I]HO,6X,_.HNX/D,I7X,_-HNY/f),

11TX, 5HNXY/D )

FORMAT( IHO, E16.8,5X,E ]6° 8,5X,E] 6.8}
FORMAT(7rlO ERRORI/(IP6E20.7) )
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I07 FORMAT(29HO THE BUCKLING STRESSES ARE I]HO,7X,2HNX,19X,2HNY,]QX,

I3HNXY )
I08 FORMAT(IHO,EIS.BtSX,E]6.8,5X,EI6.81

109 FORMAT(IHO,4HAPH=,F_olt3Xt4HBTA=tF4.1t3Xt4HGAM=,F4.1,3X,3HEN=,F9°2

It3Xt 4HDEN=, Fq. 3, 3Xt 4HT(]L =,F9.5 )

200 FL)RMAT (3zeX, 5HJOI NT_ 9X, IHX, 16X, ]HY )
201

203

i 204
207

208

I ....... 209308

310

I_ 550

600

601

.... 60Z
703
70_

FL)RMAT(
FORMAT(

FORMAT(

FORMAT(

FORMAT(

FORMAT(

FORMAT(

FORMAT(

FORMAT(

FORMAT(

F{}RMAT(

FORMAT(

FORMAT(

F()RMAT(

END

33X, I4, 5X, 2E 10,7)
3X,14t4X,14,7XtI_t&X,14,('}X,14|

37HTHE PROBLEM EXCEEDS AVAILABLE STORAGE
4X_4HNODEt6XtlHWtDXt3H _wXt7Xt3H WYtbX,SH

IHI,31HTHIS IS AN ELASTIC BUCKLING RUN)

IHI,3OHTHIS IS A PLASTIC BUCKLING RUN)

IHO, 15HERROR IN BIG SYM)
13HO EIGENVALUESI/IlP6E20.7) )

F5,O)

IH0,23HFUTILE WAS TROUBLE FREE)

IHO,26HC IS NOT POSITIVE f)EFINITE|

IHOt 8HOVERFLOW |

IHO,12HC FROM BSTIF|

14HO C FROM MSTIFI

|

wxYI

I

I ......
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12

14

20

......23

25

EIGENVALUE PROGRAM

SUBRUUT INE BSI- IF

CUMMUN JI,JT,X,Y,AO,BD,JI),LUCUL,C,AA

COJ_iMO",i Jl I ,Ni_NO, _,AI',G, [M,N,JTS,ANU,LI N

CON'i_ION E_H,ES_ :T,KLU,_PH_BTA,GA_,EN
_,_JM,4U_ 0_iqjNC0,ST.,i_UC,KLU4

C lJi't _'_UN

OIMENS

!)IMtNS

DIF;FNS

DIJ4ENS

J)IMENS

DIMENS

DU ZO

DO 1Z

[F(JT(

COI,4T IN

WR ITI_ (

CALL FX

FOFMAT

A&IK,I)

&AIK,2}
CUNT I,NU

Q# 25 I
AD( I I

AL]2

ALl3

A=AL]

B=AL]
AO=A_

AO B = A

AOB2=

A,3b 3 =

i3OA2=

61=15
B2=36

._= 7_

B4=3./
B5=22.

Bo=bz..

B7=] 3.

B8=27.

B9=52.

BIO=4.

Bll=ll

_],2=ZO
Rl3=13

B14=18

BlS=(_.

Bl6=h .

t_17=3.

_I_=3,

B1_=22

620=2.

PX,PY,P×Y,OSX,DSY,i)SXY,SMAX

IQN Jl (%l, JT(81 ) ,X(81 1 yY(B] I ,Jl I (#.z_4)

NBNL) ( 81,4), LilCUL(16) ,G(16,16)

CI Ii 325} ,AA (_,3) ,AD(3 ),l?D (3 }

JD(_) ,AKG(16,1o)

PX(50),PY(50),PXY(50)

L)SX(50I,DSY(50) ,DSXY(_O)

IUN

ION

13N

IUN

IuN

F, = ],LIN

I = ] ,NJFS

l)-J/l( IM,KI)
UE

6tlh}
IT

(18H NO VALUE
= x(1)

= Y(1)

E

= _,2
= AA(2,11 -

AA(5,1) -

]2,14,12

IN TABLE)

AA(I,I)

: AA(I,[)

= (_O(l)_L+BU(Z)_*2+bD(_)_2)_.5
2
3

B

&Ot o_. 2

].lAUd2

IA

3l.lA __- 2

.125.

.135.

25.

/35.

/35

/35.

135.

135.

/25.

,135.

.!35.

./70.

.135.

135.

/35.

135.

17Q,

.1105.

135,
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I

i

I

I
I
I

I
I

I!

!
I

I

I

B21=11,1105,

B22=_3,1105,
_23=I__, 1210,

B24=4°II05,

R25=4./225.

B2t =Z,,.LIO_. ......
H27=I./225.

B28=2./70.

B2_:I.170.

SUDPLA=2. +I20,_ANU
S×DPLA=2, +] O,:_AN U

ENJ3PLA =2, + 20.,#'ANU

IF{ KLU 127,26,2 7
26 CI=BO_2

C2=0.

C3=I.

C4=0.

C 5=A0i:32 ..................
DS=I,/(A_B)

GU TO 28

27 IF(KI.-U4 }3], 30, 31

30 SIG={(EN*_:2)/(H_:¢2) ):_(APH:_:_2+BTA'_'c2-(APH#ffTAI+(3.*C..AM_:m2}i
SX=(EN_APHI/H

......... S Y- (_L_'_T.A.}/H ........
SXY=( EN_GAM )/H
GO TO 32

31 SX=PX( IMIIH

SY=PY( IM}/H

SXY=PXY(IM)/H

....... .Sl.._:=.( SX** 2 + S y* +.2-..S X_ SY 4:_,_.S.X Y:_ _2] _
32 EFS=S_RT( SIGI

P,N=NCO

ET=I./(1.÷(3,/7,)_BN*(EFS/STI*_INCO-I))
ES=I.I(I.+(3./7.),_IEFSISTI_,INCO-I))

US=IES_F_HW_,3I/(12._II.-ANU,_2I_:Ak)

. D_OD.-_-] --_EIZ E S .............
CI=BUA2'_( I,-, 75_-DO_m ( S×/EFSI:_2 }

C2=3,_D[ID,_(SX_SXYI(EFS:_:_2) )_BOA

C3: i,-, 75,_ { { SX,_ SY+2,:_ S ×y:q,:a,2 ) / {EF S_:_2 I ) _'DOD
C4=3-W_DCIO* ([ SY_SXY )/E F S*_2 )*AOB

C5= AOB2_(I.-.75*i)OD*(SY_*2/FFS**2))

........ SOD-ELA_--L/:L2.-i.{_.3.._S_X.Y__ 2 + 91.5x, S X,_.SY1./S IG ) *OOD l/ C3 .

SXDPLA=(7,,-((3.x(SXY_,2+9. mSX,_Sy) /SIGI*I)ODI/C3

ENDPLA=( 12.-( { 3.mSXY*W_2÷16.5_,SX,_Sy)/SIG) mDUD)/C3

2b i.)O 200 I=I,]6

DO 200 J=l,16

200 G( I,Jl:O.O

G(IO,IJ=.I-BI.3_ CI + .01:_ C3 * 2. - B13_ C5 )

G(15,1I:( ;_7 4, CI - tlz. _, C3 • 2. + B_ * C5 )

G(IQ,I)=I+L_8 • CI -- B z, • C3 =_ 2. ÷ B7 • C5 )

G(1._,I)=(-66 ,w CI + _2 * C3 '_ 2. - 86 _x C5 )

o(12,1)=I-!313_ CI + I(SXDPLA/IO0.) _ C3) + BII* C5 )

GIII,I)=(-B7 • CI + 84 # C3 x_ 2. + B3 # C5 I

GIIO,II=(fR8 _ CI - B4 • SXDPLA _ C3 - B5 • C5 ]

GI9,],I=( U6 * Cl - B2 • C3 _x 2, - BI '_ C5 )

G( _,1)={ LilI,W CI + ({SXDPLA/IO0,) _x C31 - BI_ C5 )
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G17,1)={-r_5 • CI - B4 * S×LIPLA m C3 +BR * C5 l

GI6,1I=I+B3 * CI + b4 * C3 =_ 2. - m7 * C5 |
G(5_II=(-BI * CI - B2 * C3 * 2. + B6 * C5 |

G( Z*,ll=( BII* CI + {(ENI)PL_/IOO. I * C31 + B]I* C5)

G| 3,] |:( _5 _,' CI + BZ_. :_ S×L)PL_ * C3+BB * C_ }

........ Gi2,iJ=i+u3 ;" CI + _z,.. S×9PLA * C3 +B5 * C5 )
G(I,II=( _I * CI + H2 * C3 * 2. + Rl * C5 }

G{ 16,2 ={-823_C.! - {(C313OO.| * 2.} - B18" C5 I

G(15,2 ={ BI3* C1 - ((C3/IOO.| * 2.1 + B]3* C5 I

GE14,2 =t BIS* C1 +(IC3/25. I * 2.1 + BI7* C5

G{ 13,2 =(-t_8 * CI + B4 * C3 * 2. -B7 * C5 I

...... G(12rP_ =(-B22". CI + _ (C3/7_j) * _,) + _20' *C..= )

G(II,2 =(-b!3_' CI + ((SXDPLA/IO0.) * C3) + BIt* C5 !

G(IO,2 =( m14* CI - b.lO* C3 _: 2. -HI.S* C_ I

G|g,2 =(+G_ * CI - Hz_ * _×I)PLA * C3 - B = _ C#" )

G( 8,2 =( h21* CI - ((SXi)PLA/300.) * C_I -B1a* C c I

t;{ 7,2 =(-t_)l • C1 - I(SXOPLA/100.) * C3} + B]. a._ C< t

GI o,2 ={ [_ld* C,1 - {(C3/25. I * Z.} - _17. C-_ )
G(5,2 ={-_3 * C1 - B4 * C3 * 2. + t$7 * C5 t

G( 4_d =( B19_ CI + [ (SXOPLA/7_,. } * C4} + B20* £5 }

G( 3,? =( 311# C1 + ((SUOPLA/IOO.) * C3) + BIt* 65 I

G(2,2 =( b9 * C1 + B10* C3 * 2. + B16#- C5 )
L,{IA,_ =( -BIB* CI - {{C3/300. l # 2.1 - BZ3* 65 t

...... G(]5,3 =( 617#_ C..1 t..((C3/25. } * 2..} + 815, C5)

G(14,_ ={ BI3* CI - ((C3/IOO. I* 2. l + BI3* C5 )
G{13, 3)=(-B7 _ CI + BZ: * C3 * 2. -B_ * £_ )

G{12,3 =(-_18" CI - ((SXl.)PLA/300.) * C3) + B21_, C5 )

G(11_3 =(-BIT* CI - ((C3/25. ) * 2.1 + B12,C5 )

G(]O,3 =( HIB* Cl - (ISXOPLA/IO0.) * C5} - 8]I_ {;q I

G( ,4,5 =( _ZO* C1 . ((C3/75. ) * 2. t - F_22.C5 I

GI7,3 :(-nl.(., C] - BIO* C_ * 2. +B14* C5 )

GI 5,5 =( _11. C[ + ((SXDPLA/100.} * C3) - t313. C..5).

615,3 =(-_5 * C1 - B6 * SXDPLA • C5 + Btt * (15 )

G( ,,, _ =l bZO* C1 + ((SXI)PLA/75. } * C3 ) + B,!9* C5 |

......... G(3,3 ={ .tSl_.,* C1. + BIO* C3 * 2. +_9 * C5 }

Gl16,e* =(-B2c_ * C1 + {{C3/9J0.) * 2.) - 82'9* C5 I

G(]9,4 =( BI8* C1 + ((C3/300. I * 2.l + B23. C5 |

GllZ.,4 :( 023* C1 + I(C3/300. l * 2.) + B18" C5 I

G(13,_ :(-B13* C] + |{C3/100. I * 2. )- B13* C5 }

G{12,e, ={-828* C1 - b27. C3 _' 2. + 826 * C5 )

. GIll,4 =(-B]_8_ C1 - IISXOPLA!3OO. I • C3 ) + b21_ C5 t

G(1O,k =( _22" C1 - ((C3/75. } * 2. | - B20* C r', )

G[ 9_z+ =( b13 * C1 - ((SXL)PLA/IO0. I • 63 ) - bl.lm (5 I

G(8,_- =( t326. C1 - B27. C3 * 2. - B28 * C5 |
GI 7, _t =(-B20*C 1-{ 2./75. I*C3+B22.C5)

G( o,%)=( B21* C] - ((SXDPLA/3OO.) * C3 ) - _]q *Cf)

........... G( 5,4I=(-B!I_C1 - l( SXl)PL_/IO0. I * C3 ) + B13"C5 I

G(4,4 )={ B24# C1 + B25" C3 * 2. + B24 * C5 )

G( 5,5 }=G| It I }
GI &, 5 )=-(;( 2, i )

G(7,51= G(3,1)
GI@,bI:-G(4,I t

Q.!_'_¢ }=G( 2_ 2)

G{ 7, (_ }=-G(3,2)

G{B_6)= G(4_2l
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I

I

G(7,7i= G(3,3i

G(8,7)=-G(4)3)

G(8,8)= G[4,4)

G(9,9)= ['( I, !)

_(I0,9)=G{2,1)

[; ( I 1,3 ) =_-.G_5,1 L ......................................
G( I 2,9 I=-G(4, I l

G( i0, I0)= G(2,2)

61]I,IO)=-G(3,2)

G( 12, IO )=-G(4,2)

G[II,II)= G(3, 3)

G ( 1 2, I 1 ).=_ G____, 3.) .................. _..........
G(12,L2|= G(4,41

G( I3,13)=G( I, i )

G(]4,13)=-G(2,1)

G(15,13)=-G(3,1)

i,{16,13)= GIz_,I)

G( 14, !4)= _G_I/z/) ....

G(15,14)= G(3,2l

G( 16, ]_)=-G(4, 2)

G(15,15)= G{3,3)

(3(10,15)=-(3(4, _)

G(]6,16) = G(4,4)

G(9,5)= .... G._ 1.3.,..! ) ..............

G(]0,5|=G(13,2)

G(II,5)=-G(13, 3)

G(]2,5)=-G(13,4)

G( 9,6|=G(14,1)

6( I0,6)= G[ 14,2)

G ( 1 l,._/=rG II!5J__ } .............................

G(12,6):-G(14,4)

G( 9, 7 )=-G( 15, I )

G( 10,7)=-G(15,2)

G(II,7}= G(15,3)

G(12,T)=G(15,z))

.G[ _,._) =-G £i6__]..)........................

G(IO,_)=-G(16)2)

G(II,B) = G(16,3)

C)( ]2,8)= G(16,4)

G{ 13,5|= G(9,1)

G(]4,5)=-G(9,2)

G (.15.5 l_=..-__i..8.,_3/ ......................
G(16,5)= G( 9, t*)

G( 13,5)=-G(I0, I)

G(14,6)= G(IO,2)

G{15,6| _- G(IO,3|

G(]6,6)=-G(10,4)

G( 13,7)=-G(II, 1.)

G(14,7)= G(ll)2)

G(15,7)=+G(II,3)

t,( 16,7)=-G(11,4)

G(13,8)= G(12,1)

G( I/_,,8)=-G(_2,2)

G( 15,8|:-G(iZ,_) .............

G(Ib,8)= 6(12,4)

G( 13,g)= G(5,1|
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25U

257 IF
...... _2..3_ _Dl.1

DU
350 G(

G(

GI

G{

G(

G(
G(

GI

G(

G (

G{
GI

G[

G(
_(

G(

GI

G(

G(
G(

G(

GI

G(

G(

G(
G(

G(

G(

G(

G{14,9)= G[6,1|

G{ 15,g)=-G(7, I }

G(]5,g)=-G(8,1)

G(13,10)= G(S,2|

G{ ]4,10)= G{_,2)
G( 15,1_| :-G(7,2)

G( i6, iO _=-Gi _, ?)

G{ lJ, II)=-G(5, _)

G{ 14, I.I)=-G(6, 3)
G(15,11)= G(7, 5)

G(]_,II)= G(H, _)

._( i_, I31:-G{ '.!,4)
G(14,1_I:-G(.5,4)

G()5,12): G(7,4)

G(16,12)= G(8,4)

DO 21] J=],lo

DE] 210 I=J,lh

DU 250 I=I,]o

DU 250 J=1,]o
AKG( I,JI=G(I,J)_DS

IF( KLI,J 1257,25u, 2 57
[SXYI25R,256,258

3=J!i!l:l,le

550 J=l,16

l,Jl=O.

2,21=-C2_.25
3,2) =-. I_ {62+C 4)
3,3l=-.25_64

4,11: , 1'_ (C2+C_)
5, 3 I =-. 5_C4

5,4 l=-. l* IC2+C _' )
6,3)=G(4,1)

6,4|=.05_62+( 1.160. )_'64
C,()=-GI2,2)

7,11=-G(5,31
7,2 )=Gl _, 1 )
7,6 )=G( 3,21

7,7)=-G(3,3)

8, ii=G{5,4)

_, 2)=-G16,4)

8,5)=G(4_I)
_,2)=-.5_62

q,4)= G(5,4)
g, 6 I=-G( cj,21

9,7)= G15,3)

_,ai=G(4,1|

lO,l)=-G(g,2)
_0,3}=G(4,1|

]0,5)= (,(9,2l
l 0 ' S ) = -- (l; _ 2 , 2 )

IO, 7)-- b(3,2)

lO,g)= G|6,4)

]0, lOJ= -G(212|

]I,2)=G14,1)

11,4)=II./(0.1"C2+.05"C4
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I
G!11,5)= -C,!5,31

I G(II,6)= G(3,2)

G(] 1,7)= -G(3,31
" G( ll,_)= -GILL,4)

G( ll,lO|= G(3,2D

I ..... _ .u(ll,.lll=-G[_,.3)
• G(12,11: G(5,4)

' G( 12,31=-G(11,41

i GI 12,5l=Gl4,11

I G( !i,61=-G(6,41
G{ 12,7)= G(II,4)

-,. ...... Gl 1 2, ._J =-{ i../I..2.0.3.,*_..i.C2+C4 ) .....

II G( 12,9}=G(A,l|

_" G( 13,2|=-G19,21
, G( 13, _}=-G( _,3}

i G( 13,4)=G(4, I I
I " G( 13,6|= G(g,2}

I 6(13,8)= G(_,_) .....

I G( 13, II) = G(6,3)

I G(13,12)= G(5,4)
- (,(]4,1}= G(9,2)

_ G(14,2)= G(Z,2)

I G(14, _1= G(3,21

• ........G(14,4 )=-(,(6,/_) . .

, Gtl4,5)=-G(W,2)

I G( 14,7)=b(4,1}

G( 14,11)=G(4,11
G( 14,12)= G(6,4)

G( 14,14)= G(2,2|

_' G(15,2)= Gl3,2)

i G(15,3)= G(3,31

I G(15,4) =-G( ].l, 41
I G(]5,5)=G(4,1)

G(15,8|= G(]I,4}

I ..... G( ].5,9I=-G( 5,31
G(15,I01=G(4,1),I G( 15,141: G(3,21

_. G115,151= G13,31

I G( 15, I I=G{ 4, II
I G(16,2l= GI_,4I

..........GI .ib..3 ) =Gill- #*.1-......

I G, 16,4 I:-G( 12, 8)
I G(IO,5)= G(5,4)

G[ ]6,7)=-G[ii,4)

G(16,91= G15,41

I G( 16,10}=-G16,4|
_ G{ 16,13)=6(Z_,I) .

DO 3o0 I=1,16

I DO 360 d=l,I6
• 360 G(I,J]=G(J,I)

DU 320 I=I,16

I Do 320 O=]., 16

I ......_2Q.. AKG{ I.,J )=AKG{ I ,J l +DS*G( I ,J)
256 CJNT [NUE

I END .

143



C

.............. 20
23

SIaBROUTINE MSTIF

CCMMDN J I,JT, X, Y,AD,BD, JD,LCCOL,C ,AA

CCMMON J II,NBNF), C-,AKG, IM, NJTS,ANUtL IN

CCMMCN EtF, ES, ET,KLUtAPHtBTA,GA_ tEN

CCMNION DENtNCOtS?, IBUCtKLU4
C[ M,u,,"]," PX,PY tP×Y ,DS X, OSY,I)SXY, S_4AX

DIMENS ION

DIMENSION

DIMENSION

CIMENSION

I]IMENS ION

DIMENSION
TAE_LE LCOKUP F(ILLF]isS

JI[4),JT(811tXISI!,YK81),JII(64,4)

NBNCIR],4I,LOCOL(]6I,GII_,Ie!

C(I]_25),AA(4,3),AD(3)tBD(3)

JD(4),AKG(I_,IOI

PX(5nltPYISO),PXY(Sn)

DSXISnI,DSYISCI,DSXY(SC)

DC 2(],K = I,LIN

DO 12 I = I,NJTS
IFIJT(II-JII( IM,K)) ]2,!4,12

12 CCNTINUE

WRI TE(&, IE l

CALL ExII

_6 FCRMAT (18H NO VAL*JE IN TABLE)

14 _(K,].) = X(1)

AAIK,2I = Y(1)
CCNTINUE

CC 25 I = 1,2

AC(I) = AA(2,I) - AA(I,I)

25 BCI I) = AAI2,1) - AAII,I)

ALl2 = IA_(I)_2÷ADI2I_2+ADI3) WWWW2)'_o5

ALl3 = (BD( 1l w_2÷BD( 2 I_2÷BD (3 )_'_'2)WW4'-5

A=AL] 2

B=ALI3

AE=A_8
aCB=AIB

_CB2=_CeX'*?

AOB3= ]./ACIB2

eC_=a/A

_0 A2= BI-)Aw_w_2

I_C 260 I=I,!_

DE 260 J:l,l_

260 G( I,J)=O,C
CI=1872.

_2=L56, .....
D3=20_..

_4=2_4.

CE=22.

Ce=48.

C'/=88.13.

C8=4.

C_=16.13.

C10=52,
E11=22./=.,
C12=4,1. _ ,

C13=_4_.

C14=54,

CIS=I_,
E_6="t__.

I

I

I

I
I

I

I

l
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I

I

I
I

C17=57./3.
D18=36.

C]9=3,

C20=18.

C21=13./3.

C22=1 °

TF ( KLU414] ,40,41

41 IF(KLUI42t43,42

43 SX=IBIAI*PX(IM)

SY=(AIB)*PY( IMi

SXY=PXY(IM)

C-C TO 28_

42 SX=(BIAI*PX(IM) ........

SY=(A/B)*PY( IMI

SXY=PXY{ IM)

GC TO 28 =_.

40 IFiKLU)2R4,283,2_4

283 SX=(BIA)*APH

SY= ( A/B )*BTA

SXY= GAM

C-C TO 285

284 SX= (B/A)*APH*EN

SY=( AIB)*eTA*EN

SXY=GAM*EN

2e5 G(1,] )=SX * El + SY * DI

G(2,1 )=SX * C2 + SY * D4

G(2,2 t=SX * C3 + SY * D6

G(3,1 )=SX * D4 ÷ SY * D2

G(3,2 I=SX * C5 + SY * D5

G(3,3 )=SX * D6 ÷ SY * D3

G(4,1 I=SX * C5 + SY * 05

G(4,2 )=SX * 07 + SY * D8

G(4,3)= SX*D8+SY*D7

G(4,4 )=SX * Cq + SY * Dq

G(5,1 I=SX*(-CI)+ SY * D].3

G(5,2 )=SX*I.-D.2.)+ SY *_.D 2

G(5,_ )=SX*(-C4)÷ SY * D14

G(5,4 )=SX*(-05)+ SY * D15

G(6,1 )=SX * C2 + SY *(-D2)

G(O ,2 )=SX*(-DIO)÷SY *(-DISI

G(6 ,3 )=SX * DE ÷ SY *(-D151

G|6 ;4 )-sx.*(-DI !!+SY _*.(-Olql
G(7 ,1 )=SX*i-D4|+ SY * DI4

G(7 ,2 )=SX*(-DS|+ SY * D15

G(7 ,3 )=SX*|-C6|+ SY * DI6

G(7 ,4 )=SX*(-B8)÷ SY * D17

G(8 , I )=SX * C5 ÷ SY *(-DIS)

G(8, 2 I=SX*i-DI])÷ SY*(-DIg)

G(8 ,3 )=SX * C8 + SY *(-DITI

G(8 ,4 )=SX*(-C]2)÷SY *l-DR)

Gig ,I )=SX * D]_+ SY *(-D1)

G(g ,2 )=SX * C]4÷ SY *(-04)

G(g ,3 )=SX * 02 ÷ SY *(-D2)

G(g ,4 i:sx * D]5+ SY..*!-DS} ..
GI]O,1 )=SX * gI4÷ SY *i-D4)

G(].0,2 )=SX * D16+ SY *|-D6)
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G( I0, B
G(10,4
G(II,I
G(II,2
G{II,_
G(ll,4
G(12,1
G(12,2
G(12,
G(12,4
G(13,)
G|13t2

)=SX * PI5+ SY *l-OSl

I=SX * 1317÷ SY *I-DSI

l=SX*(-C21+ SY * 1)2

)=SX*(-DI_)+SY * D_

)=SX*(-D18I+SY *(-DIO)

I=SX* (-13.19) +SY *(-Dill

)=SX*(-D.151+SY * 05

):SX*(-D]7I+SY * DR

):SX*(-DIq)÷SY *(-D|.] )

)=SX*(-C_)+ SY *(-DI21

)=SX*(-D]3|+SY *I- DI3)

)=SX*(-DI4)+SY *|-D2!

*(-0141G(I.3,3 ):SX*{-C2)* SY

G| 13, 4 ):-SX*D] _- SV*DI5

G(14,1 )=SX * D14 + SY

C-(14,2 )=SX*(-D20)+ SY

G(14,3 )=SX * P,15 + SY

G( 14t4 )=-SX*C2 I- SY*D Ig

GIlS, I ):SX * C2 ÷ SY

G(15,2 )=SX * C15 , SY

G(15,3 )=SX * 1318 + SY

G(15,4 I=SX * t]q + SY

G(16,1 )=SX*(-DIFI+ SY

G(!6,2 ):SX * D21 + SY

G(16,3 )=SX*(-Dlg)+ SY

G(16t4 )=SX * t22 + SY

G(5,51=G|1,! )

G(6,5 I=-G( 2, I )

C-(7,5): G(B,] I

G(St5l=-G(4t] ) .....

G(6,6)=G(2,2)

G(7,6)=-G(=.t2)

G(8_,6)= G(4,2)

G(7,71= G(__,_)

G(8,7)=-G(4,=.|

G(@,81= G|4,4)

G(g,O)= G(],l)

G(IO,_)=G(2,| )

G( II, q )=-C( "_,] l

G{ 12, g)=-G(4,] )

G(IO,)O)= G(2,2)

G{ II, IO)=.G{ 3,__ I

G(12, I0):-G(4,2)

G(II,_I)= G(=.,3)

G(12,1I)= G(4,9}

G(12,121= G(4,4)

G(13,1__)=G(1,) )

G(14, 13)=-G(2,1|

GII'_, I_)=-G(_,! I

G(16,131:G(4,11

G{14,]4)= C(2,2)

G(15,14}: G(3,2l

G( 16, 14) =-G|4,2 )

GI)S,15): GI3,3I

G(16, 15):-G(4,2)

G( 16,16)= G(4,4|

* D2

* I"118

* DIS

* 014

* DI_;

*(-D2C)

*(-D21)

*(-D].5)

*(-Dig)

*{)2 !

D22
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G(9,5}= GIt3,1)

G( I0, 5 I=G( 13,2 |
G( 11.,5)=-G(13,3)

G( 12,5|=-G( 1_.,4")

G(g,6)=G(14,1)

G(10_6|= .G(1_,2)

G( 11t 6 I=-G( 14,_l

G( 12t 6 }=-G(14,4)

G(gtTI=-G{15,] |

G( I0, 7 )=-G( !.592 )

G(11,7)-- G(]5,?)

G( 12t 7 )=G(] 5.t4}

G(9,8 I=-G( 16,1 I
G( 1C, 8)=-G( 16,2 }

G(II,8}= G(]6,3}

G(12,8)= C(1£,_)

G( 13,5)= G(q,l)

G(14,5}=-G(W,2)

G(15,SI=-G(g,")

G(16,_)= G{9,4)

G(13, 61=-G( lO, l)

G(14,6}= G(I0,2)

G(15,6}= G(1C,?}

G(13, 7}=-G( If,l}

G(14,7}= G(II,2)

G(15,7)=*G(]I,3)

G( 16, 71 =-G( ] ],4 )

G(13,8}= G(12,])

G( 15t _ I=-G( 12t3!

G(16,8}= G{ 12,4)

G(13, g}= G(5,].)

G(14, gI= G(6,])

G( 15t 9|=-G(7_ 1 }

..................GJJ_.6.,g)=-G (8,]
G( 13,10}= G(5,21

G(14,10)= G(6,2)

G( 15, I0 }=-G{ 7, ?)

G(16,].OI=-G(8,2}

G( 13, 11 )=-G{ 9, _.)

G(15,!.11= G(?,31
C(16,11)= G(8,-_I
G(13,12)=-G(5,4)

G( 14., 12) =-G( 6, 4 )

G(15,12l= G(7,4}

CC 270 [=i,16

DC 270 J=I,16
270 G( I,J )=G(J, I }

CO 310 I=I,16
EO 310 J=1,16

.............. 310 AKG(I,J)=-G( I,J}14200,
IF( SXY}__11,212,311

3]1 CC 330 I=],16
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CC
330

330 J=l, 16
G( I,Jl=O.¢
G( 1,] I= ,5
G(3t2)= .C2
G(4tl I=-.C?
G( 5,3 I= ,1
G(5,4)= .02

G(5,51=-._
G(6,3l=-.C2

G[6 t4)=-( I. l_O0.)
G(7,1)=-.]

G(7t2 I=-.02
G(7,_I: ,,02

G(St]}= .02

C-(8,21=-G(6,4l

G(StS)=-.C2
G(g,2}=,,1

G(g)4)=.n2

G( c;,5) = .5
G(9,6)=-.I

G( c;,7 )= .I

G(9,8)=-.02
G(qt9)=-o_

G(lOt ].)=-,I
G( ).Or3 }=-.P, 2

G(IO,5)= .I

G( I0,6 }=-( l.l_e, l
G(lOtTl= .02

G(IO,81= G(6t4)
G(llt 2)=-,02

G(11,4)= G(_.,4)

G(lltS)= -..I
G(11,61= .02

G(II,?I=G(IO,6)

G(I!,8)=-G(6t4)

G(II, I0)= .02

G(I?,I l= .C2

G( 12, 3 )=-G( 6,4 )
G( 12, 5l=-.02

G(12,6)=-G(6,4)

G(12,7)= G(6,4l

GI12, _3)-1.1.1800,_ ...............................
G[12,ql=-.02

G( 13, 1 )=-._

G(13, 2)=-.1

G(13,31=-.)

G(13t4)=-.C2

G(13,6)=,I

G(13,8)= .02

G(1), I).)= .I

G(13t 12)= .0,2

C-( 13, 13l= .5
G(14,1I= .]

GII_, 2)=-G( I¢.,6 }

G(14,3)= .02

G(].4,4I==G( 6,41
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360

32O
312

G( 14, 51=-.]
G(J4, 7)=-o02
G( 14, ]|. I =-°02
G(14, 1.21= G( _.,4 )
G(15,! i= ,1
G(15,21= ,,02
G(15,?)=-G{I-C,6)

G( 15, 4 i=-G ( _,4 I
G( 15,6)=-.02

g(15,ql= G{6,4)

G( 15,9)=-.I

G(!5, 1.01=-.e2

G(15,14)= .02

G( 16, ] )=-.0__

G(16,2)= G(6,4)

G|]6,3|= G(6,z, )

G(15,4)=-G(]2,, _)

G(16,5)= .r_2
G( 16,7 i=-G( 6,4 I
G(16,_i= .n2

G|16, I0|=-G(6,4)

G(16,1._1=-.C2

C£ 363 I=1,!6
O_ .a.60 d=I,l_

G(I,JI=G(J,I)

CO 320 I=I,16

0£ 920 J=I,16

ARC-(I,JI = AKG(I,JI÷SXY*G(I,J)
RETURN

END
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EZGENVALU K YRUGKAM

SI,,eROUTINE STACK

C £ IV_.CN J I ,JT, X, Y, AD,RD, Jn, L(}C¢3L,C, AA

CCMgCN dl [,NBN.P,,C,AKG, IM,_.JJTS,ANI_,LIN

CCM_CN F, F, [S, F.T,KLU,APH, BT_,GA" ,EN

CCM_[iN I)EN,NCO,S7, lliUC,KLU'_

C C I_M(]N PX ,PY,PXY , £SX _t)SY, F)SXY, SMAK

BIMENS [CN Jl (4),JT( 81| ,X( gl ),Y(_I |,JI I ((:4,4l

F.IMENSI(IN NI_N{_(91,4),tOC[]L(IO),G(16,1-E!

DIMENSICN C(]_ 325),AA{4,3|,AD(3) ,6D(3)

I) l MFNS IC]N JF)[4I ,AKG(.16,16)

CIt_ENSION PX(50),PY(5OI,PXY(5:)

C IMENS I(]N DSX( 5n ) ,DSY(50) ,DSXY(5c))

CC ]g [=],l_

tC]Cf]t ( I )=0

]B CCNTINUF.

F1C 1.9 IA:I,LIr,!

IC:JI I( lW, IA)

CC 2_ IH:!.,g.

lC:/+_( la-.1, l+IH

LCC_]L(IC):NBNr)( ID, IB)

20 CCNTINUE

]g CCN IINUF

CC 21 I:.I,16

CC 2]. J=l,l

IF(LOCF)L( J ) ) El, :'], 22

22 IF(LOC[IL(1)) 71.,21,2_

23 KRCW=r4AXn(LOCf_,L( I),IOCCLIJI )

KCCL=MIN_(LOCCL (I) ,LOCOL(J) )

[IkOEX=( K R(3,,Ix,('2-KR GW | 12+KC P,L

C( INDEX):C[ INDEXI_AKG(I,J)

21 CCNTINUE

RETURN

ENF.

150



55
2O5

SLBROUTINF SCR
CCMMONdI,,JTtX
CCMMONJII,NBN
CC_ON F,H,FS,

CCMMON I)EN, NCn
£CMM('N PX,Pv,P

I)I_ENC;II)N Jl (4

DIMENSION N_N,_

OIWENS I(]N C(11

DIMENSION JD(4

DIMENS

[IMENS

{]IMENS

L [MA=I

L I_R= I.

O[ 55

WRITE(

IBE

, Y, AD,BD,JD ,LQCCL,C, AA

D,G,AKG, IM,NJTS,ANU,LIN

ET,KLU, _PH,._TA ,G4_M,EN

,$7, IBUC,KLLJ4

XY trS X, [)SY, DSXY, 5MAX

),.ITIF_].I,X(QII,Y(81I,JII (f'4,4)

I _],4),LOCFIL(].61,G(Io,I__)

_2_) ,AA(4,3) ,AO( 3 ),i_O( 3 )

),AKG(].6,]._,I,U(.15r)),V(15r))

ICN CA(15OI,F_X( I 50) ,W(150) ,Q(I_O)

ION PX (5_l ,PY( 5[_ l, PXy(5n)

IQN DSX( 50 I ,DSY(5(?) ,DSXy (5'_)

I=]., [._UC

_.,205 ) I,(C(JI,J=LIMA,LIMB)

LIMA:LIMA+I

LIMB=LIMB+I+]

CONTINUE

FORMATI IX, [3,2X, _EI6.S/6X,5EI,_. _I (6X t2E16.8) l
RETURN

ENC
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SUBRO_JT INE DAGGER( ArM,P, KOt Q|

DIMENSION A(II,P (11,_,)l XJ

DOUBLE PRECISION SUM

COMMON #SUMMER/ SU,_I

E_}U [VALENCE |SUN, SdMJ

K = KO

K1 = K + 1

L=I

LL = 0

CALL PRELIM(PtltA,I_

00 130 I = 2,KI

SUM = O.DO

CALL DUT(L)

IF (K - LI 100, 120,100

I00 LL = LL + L

LJ = LL + L

DO 110 J : I,K

SUM : SUM + A[LJ|WWP(Jl

110 LJ = LJ + J

X20 Q( I-l! : SUN

]30 L = I

160 SUM : O.DO

DO 170 I : I,K

SUM = SUM + P|I)#,)(I|

A(LL+L| : Q( I l

170 LL = LL + 1

A(LL| = SUN

IF { M - K) 140, 200,140

X40 CALL PRELIM[P,K,A{LL+I|tO_

0[3 190 I = KI,M

SUM = O.DO

LL=LL+I-I

IgO A(LL)=DF)T{ II

200 CONTINUE

RETURN

END
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$IRFTC F_cToR LT.qT,M94/2,XR7

._IJqRO{JT ] NF F!JTI L_ ( A ,N, c.CORF )
r) TM_'NSION A(1)

COMr',!O,_ /OVFL,/,s/ :D\/FLO_,"
F{61F_.[_" PRFCI_TQN SIJM

C O MFION f c,t J'.4f,4r :_ ! c,IJ f',!
qATA CATCH/O1nnonn I

_0! ! I V A I. F:..K',(" r- {RtINgR{IM)

!NTFGFR SCOR _

c.,"'(bRF = 0

Ki = ]

KK = q

r);b .?]q K = ] 9_

-- (-ALE- PR]-_L I:,'i( D( K ] } ;K---]-_-EI K] ) ,n

TK = _K:
i z+" N

c, iK,,1 = _.A,(Tk'.)

IF (I - I,,i.) 12n,]E'q,120

1QO P,.mNO',,I = -r),,:'_T ( I )
P)FTrr-R_+_<= .%FNOL: -_ piETy'R.,,.;

IF (F)P-NOM} 080,980.,110

^(IK) = -nFNOV,

GO TO l_n

170 CAlL r)OT(I)
A(TK) : StJN I F_,FNO-II4 " '

IBrb TK = [K + T

l_O d'_M T T ".'t Jm

K1 = K] + K

210 ."-ON T I NU_

IF (Ar',!i.J(OVFLOV/,c:ATCH)) 220,2"4,0,220
?20 SrORF = i ........

OV._LOW = O.

?30 R F TL)R",,I ....

980 SCORE =-1

_-Nn
..............................
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SUBROUTINE SWITCH(A,M)

OIMENS ION All)

N = IABSIM)

IF (N- 2) 190,1gg,go

90 L : (N*(N+I)) / 2

KEY : I

LOCK = N/2 * I
IF (M) 100,100,160

I00 IF (N- 3) II0,140, II0

II0 KKT : 3

NKF :N- I

IMAGE = L

INTO : L - B

I = 3

D3 130 K = 2,LOCK

DO 120 [K = KKT,NKF

X : A( IK )

A(IK) = A(INTO)

A( INTO I = X

INTU : INTO - I

120 1 = [ + l

KKT = NKF + K

NKF = NKF + N- K
IMAGE = IMAGE - K

INTO = IMAGE

130 1 = K
140 IF (KEY) 150,190,150

150 KEY : 0

lbO LOV2 = L / 2
K = L - 2

DO 170 I = 3,LOV2

X = A{I)

A([) = AIK)

A(K) = X

170 K : K - 1

IF (KEY) 180, 19C,180

180 KEY = 0

GO TO I00

190 RE TURN

END
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l

l

I

l

I

I

I

I

$1PFTC TRI<YS M94/2,XRT,NODECK

C HOUSFH.OLDEI£ TRI-DIAbONALiZATION IxOUTINE F©R KFAI_ SY_,;>,iETRIC-MATRICES,

C FOLLOWED BY STURM-SEQUENCE COMPUTATION OF THE EIGENVALUES, PROGRAM

C SHOULD WORK FOR ORDERS UP TO I000 AT LEAST, INCLUDING I AND P, BUT IT

.C..IS AIMED PRIMARILY AT LARGr L ORDr:-R£, AN ATTENIPT IS i_AIDE TO U_.E SCRATCH

C TAPE5 ABOUT AS LCuNOHI<ALLY AS POSSIP.LE, Ailr) INNFR PRO[)UCT.£ ARF ACCU;4-

C ULATED IN D,P, TO ACHILVL HIGI-I ACCURACY,
C

C

SLiP'ROUT INE _ ISSYivl(A,i'<O,_NiLJNBEi-t,AS IZE ,.R,P ,Q ,U, V,M ISS )
C

C

C

r", I )4EN S I ON A( 1),Q(I) ,U(1).V(1) ,_(1) ,P(1)

DOUBLE PRECISION P,SUM,PI

T_tTFGFR A£IZE

_QUIVALENCE ( SUN_, SltN)

C INITIALIZE.

C

CALL OVERFL(I)

_' = I^n£(NP,)

_i]. = N - 1

_!_ = N - 2

C

C TE._T TO qEE IF HATRIX 1S ALi4EADY IN CORE.

C

IF- (NUMFRER) 70,2_q0n,£O

C

C N?,o RFWIND TAPS£, <ET THE INDICATORS IN<ORE #'h::, '<:-Y, Ami:> &CAD I:t THE

C FIRqT ROW L)F i4ATRIX. THE ARRAY A Iq USE{" TO HOLL. AS /4ANY ROWS AS

C POSSIBLE. AT EACH STFP THF FI.-_!_T ROW I:'1 CORE IS ELIWiINATED AND ONE

C OR MORE NEW ROWS 5ROUSdT IN UNTIL ALL '.<EP;AINI.'_;G tOWS ARE Ik CORE,
c

70 _EWIND 2

R F',V ] ND B
REWI NO 4

I NCORE - 1

KEY = 0

R=AD (2) (All), I = ]IfIN)

GO TO 90

C

C YES, SET THE INDICATOR INCORE AND DEFINE THE INDICES W_IICH DESIGNATE

C FIR<T AND LAST ELEMENTS OF FIRST ROW IN CO_E. THF ARRAY A ALWAYS

HOLDS THE ENTINE MATHIX AND AS EACH ROW IS ELI,_,IIhATFD, IT I£ xE-
PLACED BY THE CORRESPONDING V.

80 I NCORE = 0

_'2K2 = !

K2N = N

90 NLJMMER = IARS(NUM_ER)
C

c" r_ISPO£p OF TRIVIAL CASES,

IF (ASIZE - N - NI) lOq,llO,llO

100 MISS = 1

RrTURN

110 IF (N2) 120.125,130,

12c) D,(1) -- &(1)

_(] TO 750

125 [J(2) = 0,
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C

(-

C

C INCOME = 0 MEANS THE (REMAINING) MATRIX FITS IN CORE. INLORE = 1 !'4F!ANS
C THAT SOME ROWS ARP_.:STILL £JI'4.TAP#_:.

C IF KFY = O (K EVEN) READ T2 AND WRITE T3. RLVCRSP_ IF KLY = & (K ODD).

C M IS NUMm. FR OF ROWS (STARTING WITH K+I) wr4I(.H tiT iN LOR::7o Li,q ]:£ THE

C INDmX OF LAST SU(H ROW, EVENTU#LLY LIM Rt-A'CHLq 1'.4, A.F'IF) THEREAFTFm

REA[bINS AND Wi_ITING A,kE SUPPRE-SSED,

"130 K "_ = 1

<'B = 2

K1K1 = !

N_'I = N

_'.!_'XTM = LI!'4IT(N,ASIZF)
t T N"_= N--XT M

C

C MAJOI_ LOOP, EXCEPT FOR I<. = 0 AND K = N-2, THE KTH STE p CoIqPLETEq qT/_GE

C K OF THE H_LJSEHOLbL:-k ALGUI<ITIt:"i AND bE:GIi"_£ STAGi:: f-.+l, K =- 0 PREPARES

C FOR STAGE 1, AND K = N-2 (VIP, TLIALLY) COtAPLETE.£ THE At_GORITt4M.
C

C IF K T£ G.T. O, TH[-: LO©S £TART< WITH P UPPER K AND V UPPER K mTf3P, ED IN

C '._(K+].)..._J(N) AN;.', UIK+i)..oIIIN). THE lET K DIAGONAL ELFMENT£ ARIF IN

C Q(I )...Q(K), WITH OFF'I_IAG FLEMENT£ IN IJ(1)...(.J(K) AND THEIR SqUAI<ES
C IN V(1)oooV(K). ROWS K+]....N OF A UPPEi< _. Ai_:E ST_I£ED [,\ CL.'I<E AND, IF

C NLCESSAI<Y, uJ'4 TAPE. IF L IS THr_: 1ST K-VALUE I-OR WHICri iXuWS L+I...N

C FIT IN CO!<E, TH_J'_ A UPPE;< i£ STARTS IN All) Ful< K L.T.E. L, ANG lil

C A((K-L) (N-L) - (K-L)(K.-L-1)/2 + i} FOR K G.T.L.
C

C NIX = O, RUT A POINTL,5£S ::_I,'.,JVISIQN OF F-ORTI<AN IV FROHIF_ITS FXPLICIT O.
C

_l[X = :;

PO 69n K = NIX,N2

FI = F2

K2 = KB

k13 = K + -B

NK = NKI

NK! = NK - ]

M = N r: X T M
C

TEST TO SEE IF !:INTIRF (!_r"qAINING) ,','ATRIX kITS IN _:Oi_E
(-

IF (INCORE) 2O','O_lqO,lbO
c-

C YES. IF K G.T. ,.)_ FORt4 rAU, Q, AND NEW A. IF K = O, SKIP.
(-

lz+( _ K!K] = K2K?

K1N = K2N

IF (K) 20QO,25O,20f
C

C NO. TRY AGAIN NEXT TIME
C

150 INCORE = N - LIM
I N = K!k'

C"

C IF K = ',B, RFAD IN (AT LFA£T) EARLY ROWm INTO LIPPb."-_ TI-'.I_NGt!LAI< _i<AY.
f-

TF (K) aqr)n_16n,l£_

!6n [ [ = ,q 4- ]
I _! = N + N1

mO 17,'J I = 2,LfM

°mAD (2) (A(IJ), IJ = IIgIN)
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I

]

IT - IN + 1

170 I_' = IN + N - I

GO TO 250

C

C NOW SKIP TO FORMATION OF NEW SUMt V, ALF, AND P,

C

C
t"

I C

i ................ 2,.50 SUM = O,DO ...................
_!K2 = KIKI + I

IF (N - K2) 2000_6909260

260 DO 270 I J = KIK2,KIN

270 SL;_4 = SUM + AIIJ)_-AIIJ)

I Q(K+I) : A(KIK1)
................ V(K+I) : SUN ..............................

U(K+I) : SORT(SUN)

I C
. C IF StJM = O, ROW K+I ALREADY CONFORMS TO TRI-DIAG FORM. MAKE SPECIAL

C IF K IS G,T.0t _FORM TAU ANL_ G_.T_ Q (.FROM OLD P AND V, NOW IN (.Q AND U,)

C
C IF MATRIX FITS, DON'T FRET ABOUT TAPES 2 AND 3.

C

C OTHERWISr_ GET SET FOR MORE READING AND WRITING.

C

18_ IF (Ir,!CORE) 2000,200,190

]'m,o PEWIND ?

qFWIND B

?OO q[IM "- O,D0

DO 710 [ = K].,N

710 SUM : SUM + Q(I)*U(I)

TAU = .5 _ ALF * St/M

DO 220 I = K1,N

220 Q(1) = Q(I ) - TAUt'U(( )

C

C CONVERT ROWS K+I...LIM TO ROWS OF A UPPER K+I

C

I I = V,iKl .......

IN = KIN

DO 240 I = K1,LIM

J = I

DO 230 IJ = If,IN

A(IJ) = A(IJ) -Q(1)_'U(J) - Q(J)*L;(1)

230 J = J + 1 ........

II = IN+]

240 IN = IN + N - I

C"

C IF K = N-2, NO'NEW SUi'4, V, ALF, ETC.. ARE NEEDED. KICK. OUT AND MOP UP,

C DEFINITION OF V AND ALF.

........ IF (SUMI 2000,ZBQ,290 ............

_BO V(K+2) = I.

ALF = 2,

I GO TO 320
C

C ORDIN&RY DFFINITION OF V AND ALF.

I ..... C ..............290 IF (A(K1K2)) 310,310,300

300 U(K+I) = -U(K+I)

310 V(K+2) = A(KIK2) - U(K+I)
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ALl= = 1, / (VCK+I) + AB.q(A(KIK2)*U(K+I)))

_20 J = KIK] + 2

....... DO 330 I = KB,N

V( I ) = A(J)

330 J = J + 1

c

C IF M.ATRIX WAS INITIALLY IN CORE,, STORE V UPPER K+] IN K+I .ST ROW OF A.

C

IF (NUM£ER) 336,,20N0,,33_

_'433 A(KIK1) = ALF

A(KIK]+I) = V(K+2)

GO TO 440

C

C" O..THF,"PV,/ISF, WRIi-F V uPPFR K+] ON TAPE 4°

.... C

336 WRITE (z4.) ALF, (V(I), I = K2,N)

C..
C IF N_TRI× FAIL TO FIT, ELIAINATF ROW K+!. (NOW SIJ_--'Ei_FL[JOUS) A"4'? _'_.,'V,[--

OTHFR ROWS FORWARD TO MAKE ROO#'4 FOR 1 OR .r"IOF_.H NFW ROWS.C

C

C
C

C

IF (INCORE) 20_0,440,34D

"440 LKI = NK + I

MOVE = II - LKI

.J = L.KI

DO 350 I = IoMOVE

z_(I) = A(J)

350 J = J + i

II = _OVE + 1

IN : NK + MOVE - M

C

C UPDATE LIM° BRING IN NEW ROWS AND CONVERT TO ROWS C'F A UPPER K+I.

C
P,]_XTM = LIMIT{NK'ItASIZF)

LTMI'NC = LIM + 1

LTM : K1 + NF_XTM

DO 4"_(; I = LIMINC,LIN'

360 IF (KEY) 2d00,370,380

370 r),rA[ "_ (2) (_,(IJ), IJ = II,IN)

GO TG 390

380 RFAD (3) (A(IJ), IJ = Ii,IN)

890 IF (K) 2UO'-,420,z_O0

400 J = I

DO 41() IJ : II,IN

A(IJ) = A(IJ) - Q(1)*UIJ) - Q(J)*U(1)

_]0 J = J + 1

_20 I I = IN + 1

430 IN = IN + N - I

KPK? = 1

KPN = NKI

Gc'_ TO 450

440 K2K2 = KIN + ]
KPN = KIN + NKI

C
C COMPUTF PQSITION,£ K+_°..LIM OF AV AND SUM UP TO LIM FOR THE-. LATF POSI-

TIONS, IF ANY° AT STEP I , ITH ELEMENT OF AV IS CCMPLETEDo AND EFFECT

OF COL[E'.IN I ON ELFr'4ENTq I+]...N IF, TAKEN INTO z_CCO!JNT.

450 f T : ki2F2
I N = K2N

DP' 46O I = K2 ,,N
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........ U&O P(I) = O.DO
r)o 50() I = K2,LIM

.... J = I
r)o z_7(; IJ = II,IN

P(1) = PII) + A(IJ)*VIJ)

z,70 J = J + I
IF (N - I ) 2000,50G,480

z,80 ITl = II + ]

.... J = I + I

F_O 490 IJ = IIItIN

P(J_ = P(JI + ACIJ)*VII)

_90 J = .J + 1

If = IN + ]

500 IN = IN + N - I

C

C
C

C ....

C IF SO!MF ROWS Ai<E STILL ON TAPE, READ THEivl, IN, ] AT A TIME. EACH ROW IS

CONVERTED (IF K G,T. 0_, T;iEN USED IN CALCULATION OF AV, THEN PUT ON

THE OTHER TAPL TO MAKE ROOM FOR THE NEXT ROW..

IF (N - LIM} 2000,660,51,q

510 I I = 1

Ira! : ,N - LIM

LIMINC = LIM + i

DO 640 I = LIMINC,N

IF (KEY) 200(4,520,530

520 PEAD (2) (if(I J), IJ = II,IN)

GO TO 540

530 REaD (3) (?(I.J), IJ = II,IN)

540 IF (KI 200'q,570,550

65,q .J = I

DO 560 IJ = II,IN

B(IJ) = B(IJ) - Q(1)*U(J) - (_(J)wU(1)

560 J = J + 1

570 J = I

DO 580 IJ = If,IN

P(I) = P(I) + B(IJ)*V(J)

580 J = J + 1

IF (N - I ) 2000,610,590

I 600 J = J + 1
i 610 IF (KEY) 2Gu0,620,630

__ _590 J = I + 1

Ill = II + ].

DO 600 IJ = II].,IN

PIJ) = P(J) + R(IJ)*V(I)

...... 62Q WRITE (3) (B(IJ)tlJ = II,.INI ..................................

I

I

I.

GO TO 640

630 WRITE (2) (B(IJ),IJ = II,IN)
640 IN = IN - 1

650 KEY = 1 - KEY

660 CONTINU_

C
C PLACF NFW V AND P IN U AND _.

C
670 DO 680 I = K2,N

U(I) = VII)

680 Q(I) = _LF * P(I)

I __ 6gO CONTINUE
C

I
C MOP UP BY COMPLETING ARRAYS OF DIAGONAL, OFF-DIAG AND SQUARE ELFMENTS.

C
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OIN-1) = A(KIKI)
U(N-I) = A(KIKI+I)
V(N-1) = U(N-I)_U(N-])

: K ?OIN) AIK] ]+ )
700 IF (N'L,) 21.,.,2000,720

710 WI?ITE (6,10) (Q(I) , i = 1,N)

10 FORMAT (/////18H TRI-OIAGONAL FQRM////5X,18H DIAGONAL ELEMENTS//(5

]X,!P8F]5,7) )

_,tRITE (6,20) (UIt), 1 = 1,N1) ....
20 FORMAT (///5X922H 5Ud-'DIAL_ONAL ELEMENTS//(SX,1P8E15.7))

720 CALL OVERFL( I )

nr TO (730,7z_0) ,I

730 "."T<S = 2

G,o TO ]00"
7/*0 CALL PROPER (N,NI.JM_'4-'c_[_.,QDI.J_,V ,i_ )

750 _' I_ = 0

G(] TO "1000

1000 PETURN
FND

$I_FTr POL ITF M94/2 ,XR7,NODECK

ql IRROUT I ;'_E ij b_Oi-)E,{ ( i4, i'4tJ..,8 Eb_ ,D ,OFFD, SFC, S I GMA )

_II4FN<ICI'i O(I) ,OFFO( 1 ) ,SFC( i ) ,SIGMA( 1 )

CALL PRFP ( N, D, SEC ,ROOT,LORD)

N ] = N - I

POUND = AMAXI(ARS (D(1))+ABS (OFFD(1)),ABS (OFFD(N1))+ARS (D(N)))

IF (N - 2) 16,200,I00

I00 rbo ] I = 2,NI

1 =O!IN rb = A/.,iAXI(ROI.JNr'),_R.% (OFFD(I-1)) + A%S (0(T)) + ARS (OFFD(I)))

200 r')o 2 I = 1,N

<IG_A(I) = -30UND

2 OFFD(I) = qOUND

LORD = 0

PtJTF = ] , 0

L = .9

9 K = L + 1

IF (K - NUr',,IBER) 4,4,13

z+ RO©T = o5 _ (SIGMA(K) + OFFD(K))

5 DO 6 I = K,NUMBER

IF (OFFD(K) - OF'FDIi)) 7p6,7

6 L = I

7 IF (ROOT - RUTE) 8,3,8

8 CAL_L F)ET

rho 11 I : K,L
IF( I -LORD) 0,9,10

9 SIGMA(I) = ROOT
C-A TO l]

in OFFD(I) : ROOT

]I CONTINUF

RUTE = ROOT

IF (ROOT) 4,12,4

12 KING = LORD

_o TO

13 IF (KING) 14t16,14
14 rbn 15 I = I,KING



15 C,IGMA[I) = OFFDII )
]6 P=TURN

FND

$1RFTC OUTER M94/2,XR7,NODECK

FUNCTION LIMIT(N,M)

K = N

L=O

DO IO0 I = I,N

I_=L+K

K = K - 1

IF (M - L) 120,110,100

I00 CONTINUE

LIMIT = N

RETURN

110 LIMIT = I

RETURN

120 LIMIT = I - 1

RETURN

FND

$1BMAP WORKER 1 O0 ,M94/2 ,NOREF, NODECK

ENTRY PREP

ENTRY DET

PREP CLA* 3,4

ALS 18

SUB =32767B17

STD TEST

CLA 4,4

ql. Jl_ =]

£TA DIAG
CLA 5,4

SUB =I

STA SQ

SUB = 1

STA SOl

CLA 6,4

STA ROOT

CLA 7,4

£TA LORD

TRA 8,4

r_FT SXA XR191

SXA XR2,2

CLA =I.

STO X

£TZ Y

AXC i,i

AXT 0,2

SQI LDQ 0,1

FMP Y

FRN

qTO Z

THIS SECTION IS ENTERED

ONCE FOR EACH EXECUTION

OF PROPER. IT SETS UP THE

ADDRESS REFERENCES FOR DET.

RETURN FROM PREP

SAVE XR1 AND XR2.

INITIAL VALUES

XRI IS THE LOOP COUNTER AND

XR2 KEEPS TRACK OF SIGNS.

R(I-I)**2

mET(I-2)

SECOND TERM
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DIAG CLA 0,1[

ROOT FSB 0

FRN

XCA

FMP X

FRN

FSB Z

FRN

=- Z ET OVFLOW

TRA BADEXP

CHECK TNZ NO,NZFR

TXI *+I,I,-i

SO Z ET 0 , 1

CLA =I.

STO X

£TZ Y

TXI INC,2,1

NONZEk LDJ X

STQ Y

STO X

TMI NEG

TQP .,¢I'EP

TXI TETRT,I,-I

NFG Tt:'P I :..C

STFP TXI _+lt 2 , 1

INC TXI *+1,1,-1

TEST TXH SC'I,I,O

LORD £XA 0,2

XR1 AXT 0,1

XR2 AXT 0,2

TRA 3 ,4

F_At)F X P STO Z

CLA OVFLOW

ANA = l ql 5

TNZ OVFLOP

tiN F L 0',,'7 CLA ,TVFLO'.V

&N A : 1 R 16

TNZ tJND r:-

STZ OVFLOW

CLA Z

TRA CHECK

UNDER CAL X

ADD :192B8

SLW X

CAL Y

ADD = Ig2R8

qLW Y

TRA RFSFT

OVFLOP CAL X

ql;F =192B8
SLW X
CAL Y

SUB :192B8

SLW Y

RESET STZ OVF-LOW

TRA SL;1

X OCT 0

Y OCT 0

Z OCT 0

FNrb

A(Z)

ROOT

DET ( I-I )

FIRST TERN

DET ( I )
CHECK FOR BA-_ EXPONENT.

BETTER INVFSTIGLIF..

CHECK FOR ZEF_O

O.K. SKIP A STEP.

RONA FIBF ZERO. CHECK P(I) •

_'ITHER WAY

RE-INITIALIZF X AND Y

AND COUNT I #,GREF_._ENT.

NORMAL SITUATIut4. RE-DEFINE

X AND Y AND MAKE SIGN

COMPAR ISON.

NO CIGAR. X+ AND Y-.

NO CIGAr_. X- /_Nr; Y+.

,£1Gf"S AG!REF.

INCRF,'.<FN T I

REPEAT OR EXIT FR©r4 LOOP.

P,ECOR _) REStJLT.

[RESTORE XP,I A_;D v'(2o

RETURN

S AVE .

OVERFLOW.

r._AKF _(JR_- FH.",T T_-iF'
UNDE RFLOW I S I N AC.

RESTORE.

DET(I) L.JNDLRFLCW5. MULTIPLY

X AND Y PY 2_192 AN:3

REPF_T ITH CTFP

DET(I) OVERFLOWS. DIVIDE

X AND Y BY 2.-192 AND

REPEAT ITH STEP.

ERASE OVERFLOW IN[)ICATION.
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$IBMAP

PRELIM

DOT

LOOP

LOAD

M UL T

INC

XRI

PROLOG

ADd

HASTEN

ENTRY

ENTRY

ENTRY

ENTRY

CLA

SUB

STA

C LA*

ALS

COM

STD

CLA

SUB

STA

CLA*

gU_

ALS

STF)

TRA

SXA

AXC

TXL

LDQ

FMP

_FAD

DST

TXI

TXI

SXD

CLA*

ADD

STA

CLA

FRN

AXT
TRA

CLA

SUB

STA

STA

CLA*

ALS

COM

S T!)

CLA

g LJ_
$TA

CL_*

ADD

ALS

STD

TPA

SXA

CLA

60,M94/2,NOREF,NODECK

PRELIM

DOT

PROLOG

ADd

3,4

=1

LOAD

4,4

18

LOOP

594

=i

MULT

694

:IB20

18

INC

194

XRI,I

191

INC ,1 ,*_

**,I

**, 1

SUM

SUM

LOOP,l,-1

*+1,1,_

LOOP,1
394

MtJLT

MULT

SUM

091

194

394

=I

ADD

GET

494

18

LOOR

5,4

=I

MPY

694

=IB20

18

INF

1,4

XRI,1

MPY
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INF

LOOR

_r)r)

AFT

51J',,_',!F R

SUV,

SUB*

STA

LXD
TXI

SXD

AXE

TXL

Lrb,o

FMP

FAD

FAN

STO

TXI

CO_TRL

USE

_SF,

tJSE

=ND

3,4

MPY

LOOR o I

*+i ,I ,**

LOOR, I

1,1

XR I, I ,**

S LI _,,4

* *, !

I_O,]R, i ,-I

Stj',ltA, E R

2

°
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I LISTING FOR DETERMINANT PROGRAMS

i BUCKLING UF RECTANGULAR PLATES DETERMINANT FORMUtATIFJN

CGMMON JI tJTtXtY,JII,NBND,LUCIIL,G,C,AA

COMMON AD, BCt AKG,L IN,E ,HIES, IM_ NJ TS tANU

CGMMI]N KLU,SX,OSX,SXMAX,SY,DSY,SYMAX,SXY,KLU4

C(]MMQN DSXY,SXYMAXIRS,(Q,NC(],ST,JD,PXtPY, PXY
C CMMON APH, BTA,GAM, EN

C C_MF] _ /DC(]DLE/KEY, KAY, VALUE

DIMENSION J((4),JT(65) ,X( US),Y(bSl,J I I (50,4)

DIMENSION NBND(65,4),AD(3.1 tRD(3),JD(4),LOC[JL( 16}

'i DIMENSION GII6,16),C(125,125),AA(4t3),AKG|Ib, Ib)

Ii DIMENSION RS(125),Q|I25),PX(50),PY|50) ,PXY(50)

.... DIMENSION D*S)((5"O),DsY(50),OSXY{50) "

DC 42

Jl I)

X( 11-42 Y( -

DU 43

I JI J)43 JI) J)

DE) 44

i AD K}
44 BD K)

__ DG 45 ..............
LC OL

Ii DO 45

AK (L

45 G( ,N

D[_ 46

I=l ,65

Jl(1)=O

X(I)=O.

Y(1)=O.

J=I ,4

JI(J)=O

JO(J) =0

K=I ,3

AO(K} =O.

44 BD(K) =0.

L=I , [6

LCCOL (L)=O

M=I , I6

AKG(L ,M)=O.

G(L,M)=O.

N=I ,50

DSXY( N)=O.

DSY(N)=O.

I

I

i

w_

46

DSX(N}=O.

PXY(N |=0.

PY(N) =0.

PX(N) =0.

DO 47 II=I,125

R s ( I l 1= O.

OlIl)=O.

DC 47 J J=(,125

47 C( IT,J J1=().

DO 48 KK=I,4

DO 48 LL=I,65

48 NBND(LL,KKJ=()

DO 4':) MM=I,4

D(._ 4g NN=I,50

49 JIIINN,MM)=O

DO 50 Ill=i,3

DO 50 JJJ=I,4

50 AA(JJJtII I}=O.

311 KBUC=C

D2=0.

READ (5,99) NJTS,KLU,KLU2,KLU3,KLU4tKLUS,NEIG,LI]T

41

READ (5,98) ANU,E,H,NCO,ST

IE(KLU )40,4[,40

WRITE (6,208|
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G(_ TO

40 WRITE

5 TOL=I

WRITF

WP ITE

IF(KLU3

4. RE;AD (5
WP, ITE (6

XN2=×NL

YN2=YNI

DC I I=

X(1)=

Y(1) =

Jl(I}

XN2=X

IF(XN

3 XhZ=X

YN2=Y

I C ONT I

wRITE

wkITE

N_'_I=X

NN2= L

NN3=X

NN4=X

IF.)(.;(54

JII(M

JII(M

JII(M

Jll(M

NN2=N

NN_=N

NEM=M

IE(NE

(:5 NN2=N

NN3=N

NN4=N

64 C[_NTI

GO lO

g READ(

WRITE

_NP1TE

WRITE

8 READ(

IF(ME

6 D(3., I0 I

J II (MEV

lO CONTI NU

KLil]_= ME

G(_ TO 8

? E C]NT Z NU

N,_EM=KO

70 _I-_ITS: (6

IF(KLU4

8{) RLAD( 5,

5

(6,20g)

. * IO.**(-LOT)

(6,27) KLU, KLUZ,KLU3, KLU4,KLU5, L[IT

(0,2.5) ANU,E,H,NCO,SI

)4,g,4

,60) XSZ,YSZ,XNI,YNI,NMEM

,61) XSZ t YSZ,XN L,YN[ t NJTSt NMEM

I,NJTS

((XNL-XN2I/(XNII)_XSZ

( ( YN I-YN2 )/ (YNI)) '_YSZ

=I

N2-1.

2)3,1,l

hl

N2-1.

NUE

(6,62)

(6,63) (JT( I),X(I I,Y(1),I=I,NJTS)

NI

NL+2.

NI

MEM=I ,NMEM

EM,I)=NN2

EM,2 ) =NN2+ I

EP,3)=NN3

EMt4)=NN3+I

N2+L

N i+l

EM-NN4

M )64,65, 65

h2+l

N3+l

NL+MEM

NUE

lO

5, lO0) (JI ( I),X(I ),Y(I),I:I,NJTS)

(6,200)

(0,201) (JT( I ),X(I) ,Y(I) ,I=[,NJTS)

(6,104)

5, IOIIMEM,NIYPE,JIII),JI(2I,JI(B),JI(4)

M-99) fl,lt6

=I,4

,I)=Jl(I)

E

M

E

DE

,66 ) ((JII(K,NI,N:I,4),K=I,MEM)

| 81,80,81

106) APH,_TA,GAM,ENtOEN

I

I

I

l

l

I
I

I

I

I

I
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I

I

I

i

I

15

13

IZ

84

95

_5

18

896

809

811

8 10

814

Ib

_R ITE (-6,107) ,&PH,BTA,GAM, EN,DEN

6L TO 82

81 WPITE [b,96)

0,3 71 MEM=I,NMEM

RFAD[ 5,103) PX (MEM) ,OSXiMEM), PY [ M_M | ,I)SY (HEM) ,PXY (Mi-_) , F]S XY (MIZM)
71 WP, ITE {6,97) PX(MEM),OSX(MEM),PY(MEM),DSY(MEM),PXY{:_I-_),OSXY(_L'4)

_2 IF(KLU5) 8'_,83,84 .

83 1BUC= 1

DO II I=I,NJTS

D(._ It J=l,4

II NL_ND( l,J)=O

WRITE (6,207)

i)C 12 I=I,NJTS

READ(5,I02) JOINT,J!)(II,JD(2),JLJ(3),JD(4 )

WRITE [6,Z03) JOINT,Jr)(I),JD(2),JD(3),Ji)(4)

D(_ 13 J=l,4

IF (JD(J}) 13,[3,14

14 NF_ND{ JCINT,J}=IBUC
I BUC= IBUC+I

IF(16UC-1251 1"3,13,15

WRITF (6,204)

C ALL EX IT

C CNT I NUE

C CNT I NUE
IBUC= IBUC-I

REAl)(5,500) STOPIT

IF{KLU2) 95,85,95

WRITE (6,23)

_RITE(O,24} [NBND{I,II,NBND(I,2),NBNI){ 1,3),NBND{I,4}, I=I,J_INT)

C

W

LiNT I NUE

RITE(b,52)

D[I 896 LL=I,IBUC

D(} 896 KK:I,IBUC

C(KK,LL)=O.

F IRST=O.

DO 16 IM=I,MEM

IM:IM

L IN=4

IF(FIRST) 809,810,800

IF(KLU4) 810,811,810

I F(KLU3-1 ) 810,814,810

CALL BSTIF

FIRST=[.

CALL STACK

CUNTINUE

K BUC:KBUC + I

I FIKBUC-LO0) 30,3li,311

F IRST =0.

DO 17 _IM=I,MEM

IM=IM

L I N=4

IF(FIRST) 815,816,815

815 IF(KLU4) 816,817,816

817 IF(KLU3-1) 816,818,816

810 £.ALL M_T--if:.................

F IRST=I.

3O
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C

C

C

818

17

57

.52

33

3O5

306

307

54

30H

7O0

701

50l

88

87

4OO

89

72

73

75

76

78

77

74

502

83O

CALL SLACK

C CNT I NUE

D{] 57 K=I,IBUC

D(I. 57 L=K, IBUC

C (K,L)=C(L.K)

IF(Ki UP-) ._2,33,32

WR. ITE (6,206) { {C( I ,J), J:t, IF_UC 1, I=l t I_LIC )

FIN[; THE DF.TFRMINANT OF THE C MATRIX

D[I 305 LL=I,IBUC

RS(LL )=0.0

DI=I.

NP=I25

M= IME CF (NP, I_UC , I ,C ,RS ,I)I ,Q)

G(1 TU (30C,,307,308),M

_KITE (6,53) KBUC ,D I ,KE Y,KAY,VALUE

L)I=VALUE

G(.; T[J 70L

WRITE (6,54)

FORMA T(9H OVERFLOW)

CALL EXIT

WRITE (6,700)

GO TI1 309

FCR_AT(1411 C IS SINGULARI

TE ST:ABS( DI,D2 I-ABS IDI-E)2 )

1 F (TE ST )501,502,502

_RITE (6,60{})

IFIKLU4) 87,88,81

F SX:I) EN

GL] TO 89

F SX=O.

F SY:O.

F SxY:O.

D{I 400 II=I,NMEM

DPX=A BS(DSX( I I ) )

DPY:ABS(DSY(I I) |

DPXY=A_S(DSXY( If)|

F SX=AMAXl (DPX,FSX)

F SY=A M.AXl (DPY,FSY)

F SXY= AMAX I (DPXY, FSXY)

IF(FSX) 72,73,72

A_VAL =ABS (FSX)

GC TO 74

I F (FSY) ?5,76, 75

A6VAL =A_S (FSY)

GG TO 74

I FIFSXY)77,78,17

WRITE (6,[05)

CALf. EXIT

A riVAL =ABS | F SXY )

I F(ARVAL- TOL) 309,30c_, 36
D2:D1

I FfKLU_) 35,830,35
F N:EN+DEN
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I 37

309

I I001

890

I .... I000

92_

Ji

1009
67

21

22.... 23
24

I

G{] T 0 18

35 DO 34 IN:I,NMEM

PX(IN):PX( IN)+DSX(IN)

PY(IN |=PY(IN)+DSY(IN)

34 PXY( I N) =PXY( IN)+DSXY( IN|

GO TO 18

36 IFIKLU4) 86,94,86

04 EN=FN-DEN
DEN=.5*DEN

GO TO 830

Dg 37 IO=I,NMEM

PX( TO )=PX ( I (])-DSX(TO)

PY(IO ):PY(IO)-DSY(IO)

PXY(IO}:PXY(IO)-DSXY(IO)

DSX(IC}:.5*DSX(IO)

L)SY( I E):. 5*DSY(TO)

DSXY(IO}:.b*DSXY(IO)

GU TO 35

WRITE (6,29}

IF(KLU) 1000,1001,1000

I F(KLU4) 90,890,90

E NX=A PH*EN

ENY=B IA*EN

ENXY=GAM*EN

WRITE (6,28) ENX,ENY,ENXY

GO TO I009

WRIIE (6,lOb)

WRITE (6,26) (PX(II),PY(II),PXY(II)tII:I,N_F_'I)

GC TO lOOg

D=E*H#*3/( 12.*( I.-ANU**2| )

I F (KL U i .....
ENX=A PHIEN_D
ENY=B TA*EN*D

E NXY= GAM# EN#D

W-R--I-_

WRITE (6,109) ENX,ENY,ENXY

G.O TO 1009

DO 38 JJ=I,NMEM

PX(JJ J=PX(JJ)*D

PXY( J J) =P XY (JJ)*D

PY (JJ)=PY |JJ)*O

WRITE (6,207)

W R I1 E l(_"26i (PX ( I I ), PY ( Ii ), P XY ( I I i, I I = l, N ME ,MI ....

IF(STOPIT} 67,311,b7

CALL EXIT

FORMAT(IHO,1BHTHE JII ARRAY)

FOR, MAT(IIHO Jll ARRAY//(bIS))

FORMAT(IHO,14HIHE N_ND ARRAYÁ

FORMAT-(IHO;-IS, - 5X,I5, 5X,I5,SX,I5)

FORMAT(1HO,4HANU=,EIb. 8,3X,2HE=,E16.8,3X,2HH=,E16.3,BX,4HNC[',=, I5,3

1X, 3HS 7= _E 16.8 )

26 FORMAl( 1HO, El5.8,SX,E IS.R, 5X,EIS. R)

27 FORMAT(IHO,4HKLU =, 15,3X,SHKLUZ=,IS,3X,SHKLUB=,IS,3X,SHKLU4=, 15,3X,

ISHKLU 5=, 15, BX,4HLOT=, IZ)

28 F (iRMA f (-lFiO%5-H-'N-X-/-D= E[ 5 .8 ,SX, 5HNY/D = E [ 5.8,5 X, 6H NX Y/D :E t5.8 )-

29 FORMAI(22HO BUCKLING STRESSES ARE)
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3I F CP, MA

.52 F ORM/_

tHVALU

53 F()RMA
60 FORMA

61 FuR#A

tt,3X,

62 F FJRMA

63 F LJ_MA

66 F OR,MA
_Q6 F LiRMA

1XY)
q7 F LRNA

98 F O_MA

9q F L,RMA

IO0 FCRMA

I(]i FURMA

I(IHO,TX,2HNX, 18x,2HNY,18X,3HNXYI

T( IHO, 5X, 5HCYCLE, fOX, I IHDETERM INANT , tPX, 3_IKEY, t2X, ;HKAY, I &Y,,*_

EJ

T(IHO,bX,13,9X,EIb. B,5X,IIO,bX, 110, bX,Ftb.q)

T(4F6. I, 12}

T( IHO,4HXSZ:gF6.I,3X,_HYSZ:,F6.I,bX,_HXrJI=,Fh.[, 3X,4HYt_I =,

bHNJTS=, 13,3X,SHNMEM=, 13)

T(II_O, IX,5HJ[]|NT,QX,IHX,gX,|Hy}

T( [HO, I5, 7X,F7.2, 3X,F7.2)

T(ItHO JII ARRAY//(_,I5)I

f ( IHO, 5X t 2HPX, [3X, 3HOSX, [4X, 2H PY, I 3 X, 3Hi) SY, 14 X, _HPXY , !/X _ ttlt:)S

T(tHO,EIS.8,tX,Elb.8,1X,EIb.8,1X,_ i5.._],lX, ElS. 3, tX,t l').,_,)

T(3EI_.8,17,F9.I)

T(81 3}

T(14,2EI2.I}

T{13 ,12,4131

tO2

103

104

105

TO0

lOT

108

109

200

201

203

206

206

20(

206

209

5 O0

600

F-[lR _tA T( 513 )

F URfVAT(6F 13.8)

F ORM/_ T( 2X , 3HMFM, 2X, 5HN TYPt: ,4X,2ttJ t, 2X, ?l_,J2,2X ,2t!J .{, ZX , 2H J4, t X, 2HPX

t, IOX,2HPY, tOX,BHPXY)

FCRMAT(IHO,35HTHERE ARE Nu DSX I)SY OR DSXY VAI.[JES)

FGRMA T( 5F 10.2 )

1 ¼RNAT( Ill0,4HAPh=, F 0.4 ,3X ,4HB TA= ,F6.4, _X ,4!4GAM = ,_ _I•̀/*, { x _ "{HE _:= ' _ ' ) "/_

l, 3X,4HDEN=,F9.4|

FORMAT( IHO, 6X,4HNX/D, i 6X,_,I_NY/I), I bX, 5HNX Y/D)

FURMAT(IHO, 3HNX=tEtO.BtSXtIHNY--_EI6.8,hX,4HNXY=yFI_.;_)

I_URNAT(3z, X,5HJUINT,9X, trlX, I6X, [HY)

F C',RNA T( 33X, IZt, 5X,2E t6. ()

FORMAT(3X, 14,4X, 14t/X, 14,(iX, I_t,6X,14)

FUll'AT( 37HTHE PRUBLEM EXCEEDS AVAILAP. LE STIJPAGL )

H[!RMAT(I5HO C AFTER BSTIF//{6EI6.8) }

FC_RMATI4X,4HN[)I)E,OX,IHW,_-,_X,3H WX_7X,3H WY,_X, SH WXY)

FURMATIIHI,31HTHI_ IS AN ELASTIC I_UCKLIN(; RUt,)

FDRt;AT(IHI,3OHTHIS IS A PLASTIC BUCKLING RUN)

F F}RMA T (F5.0 )

Ff;RMAT{IHO,29HTPE SIGN OF OET C HAS CHANGE 0)

END
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I

I

I

I

i

I

i

I

i

I

12

16

14

2O

23

2')

DETERMINANT PROGRAM

S

C

(..

C

C

C

D

b

D

l)

D

DQ 20 K =
DO 12 I =

IFIJI |l)-J

C ONT I NUE

WRITE 16, 16)
CALL EXIT

FORMAT (18h NO

AA(K, I) = X( I )

AA(K,2) = Y(1)

UFIROUT INE BSTIF

OMt_ON JI,JT,X,Y,JI I,NBN!),LOCOL,G,C,AA

tJMMO N AO, BD, AKG,L IN, E, il,ES, IM,NJ TS, ANU

CMMON KLU, SX,DS X, SXKIAX, SY, I)SY, SY MAX, SXY ,KLU4

OM_ON DSXYtSXY_.AX,RS,¢,NCO,ST,JD,PX,PY, PXY

L!MMO N APH, BTA,GAM, EN

[MENSION J I{4) ,Ji(65) ,XIOSI,YI65),J I I (5:),4)

IMENSION NBND{65,4},ADI3),BD(3),JI)I4},LEC#][ (io)

IMENSION GIIG,I6),C(I25,125),AA(4,3),AKC( 16,, I_,)

I_ENSION RS| 125),Q( [25),PX (50),PY(bO) ,PXY (bO)

IMENSION DSX( 50 I, |)SY 150l, I)SXY 150)

L,LIN

I,NJTS

II( IM,K)} 12,14,12

VALUE IN TAGLE}

C ONTI NUE

DO 25 I : 1,2

AU(1) = AA(2,1) - AAII,I)

BC_(1) = AA(3,1) - AA(I,I)

AI_IZ = ( AD ( 1 )**2+AO ( 2 )**2+AD( 3 ) ,_-2 )**.")

ALl3 = (BD( 1 )**2+BD( 2 )**2+BI)(3) #'2 }**. 5

A=ALI2

B=AL1 3

AB=A*B

AOB=A/B

AOd2= AOB**2

AUB3= 1./AOB2

BOA=B/A

r_SAP= BOA**2

BI=150./35.

_2=36.125.

_3=78 ./35.

B 4=3./2 5.

B b=22 ./35.

B6=54./35.

B7=13 ./35.

B 8=27 ./35 .

B0=52 ./35.

B I0=4.125.

BII=I I./35.

B 12=26.135.

B L3=13o170.

B14=18./35.

B 15=9 ./3b.

1416=4.135.

B17=3./35.

B 18=3 ./70.

R 19=22.1105.

B20=2 ./35.

B21=11.1105.
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2O

B 22= 13./t05.

B23=1 3./210.

B24=4 ./105.

B25=4.122b.

B26=2 ./lob,

B27=1 ./225.

B29=I .170.

S[;CP[ A=2. +I20.*ANU

S X[_Pt A=2. +|O.*ANU

FNL)PLA=2.+20.*ANU

IF (KLU)27,20,27

C l =_(_ A2

C2=C!.

C 3=1.

C', =(_.

C 5=A(I02

DS=I. I(A*B)

GC T[] 28
27 O= ([* H*'."3 I / ( 12. i_ ( 1 .-ANU**2 ) )

IF(KLU_) 31,30,31

30 SX=( APH'_EN)* (F)/H)

SY = (b IA*I-N) * (O/h l

SXY={ CAIV*EN)*(D/H}

GI; TO, 33

31 Sx=Px { IM)*t)IH

SY=PY(IM)W_D/H

SxY=PXY{IM)*D/H

33 BN=NCO

el-S=

EI=lol( I.

kS=l./( I.

DS=FSI( A*

D[,U=I .-ET

C 1 =F(-,A.)_'I

Cz=3. *DOD
C_:I.-.75

C4=_. ':'oOU

C5: A Cb 2-*

S[IL)PL A=(6

SXDPL A= (7

S15=(SX**'2+SY**2-SX_'SY+3.*SXY**2)

S (QKT(SIG)

+(3./I.)*bN*(FFS/STI**(NCC-!| )

+(3.17.}*(EFSIS?)*_INCO-L)I

61

/ES

1.-. 75*EOt)*l S X/LeG 1..2)
*(SX*SXY/{EFS**21 )*BOA

*( (SX*SY+2.*SXY**2I/(EPS_'_,2))*DI2D

( ( SY*SXY )/EF S _**'2),_A_]f'_

(I.-,/5*IJi3D*(SY**2/EFS**2))

2.-I(3.*_XY**2+91.5*SX*SYI/SI(,)*I)JD) IC _,

•- ( (3.* SXY**2 +g.*SX*SY )ISI O )_'n,C'DI/C 3

EI_:!)PLA=(IZ.-((3.*SXY**2+IO.b*SX*SY)/SI ;)*[)OU)/C

28 DII 20(3 1=1,16

DC 200 J=l, 16

200 GII,J)=O.O
G(16,11=(-I_ll* CI + .01" C] * 2. - 811" C5 I

Glib, I)=( b7 * Cl - B4 * C3 _' Z. + e, 8 * C_ )

G(I.4, I|=(+6R * Cl - b4 * C3 * 2. + B7 * Cb )

G( 13, 1)=(-g6 _x C1 + b2 * C3 # 2. - R6 * C5 )

Glt2, ll=(-bl3_, CI + ({SXDPLAII.OO.} * C3) + e,l l* C5

Glil,l)=l-ti? * CI + B4 * C3 * 2. + B3 * (b )

G(IC, I)=(+b8 * CI - 84 * SXOPLA * C3 - I3b * C5 )

C(q,I)=( lt6 * C1 - B? * C3 * 2. - B1 * C5 I

Co( R,I)=| idll* CI + ((SXDPLA//O0.) * C3) - B13_' C5

G( 1,1 )={-B5 * C I - Bz, * SXOPLA w_ C3 +Bb * C5 )
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I GI6,1)=I÷B3 * CI + B4 * C3 *. 2. - B7 * C5

GI5.11--I-BI • Cl - B2 * C3 * 2. ÷ B6 + C5 )|

GI3_I|=I B5 + CI + B4 * SXDPLA + C3 ÷B3 * C5 |
c

G(I,1I=i Bl wI. CI + B2 wI. C3 * 2. + BI w_ C5 )
GIIb,21=I-BZ3_CI - llC31300.I * 2.1 - BIB* C5 I

G(15,2}=l BI3W CI - I(C31IO0.I * 2. l + BI3* C5 )

G|14,2)--I BL5* C1 *I|C3125. ) * 2.) ÷ BIT* C5-)- -
G(13,2):I-B8 • CI * B4 * C3 *.2. -B7 * C5 )

G(12,2)=I-B22w C1 + ILC3/75. ) _' 2.} + B20,C5 )
G(II,2I=I-B£3Ww Cl + I(SXDPLAIIO0.) * C3) + Bil_ C5 )

I G(lO, 21=( B14* CI - BIO* C3 • 2. -BI6* C5 I

j G(9,2 |=(+B8 * CI - B4 * SXDPLA * C3 - B5 * C5 )

..... G ( 8,2 }-=_I-,ii -I_[ _ -( C_-6PL-A?3.00. I-* -C3-1----B i-8.-C5 -) .....
G( 7,2):l-B1l* CI - ((SXDPLAI[O0.) * C3) + B[3* C5 1

i G(5,2 )=l-B3 • Cl - B4 * C3 * 2. + B7 * C5 lG{ 4,21=( BIg* CI + ((SXDPLAI75o ) * C31 + B20m C5 )

G( 3,21=( BII* CI ÷ IISODPLAIIO0. I * C3) + BII_ C5 )

G(2,2 )=( B9 * C1 + B1()*-C3 * 2. + Bib* C5 ) ....

G(16,3)=l -BIB* (:1 - l(C31300.) * 2.) - B23" C5 )

G(15,3)=( B17_ CI + 1(C3/25. I * 2.) + BIS_ C5)

G(14,3)=I B13* C.1 - l|C31100.}* 2.) + BI3w_ C5 )
G(13,31=I-B7 * Cl ÷ B4 * C3 * 2. -BB * C5 I
G(L2,3)=(-BL8* C1 - ((SXDPLA/300. I * C31 + B21, C5 )
G(II,31=(-B17_ Cl - ((C3125.) * 2.) ÷ B12,C5 l

G(IO,3)=( BI3* CI - ((SXDPLA/£O0.) * C3I - BII* C5 1

G(9)3 |=! B7 * C1 - B4 * C3 * 2. -B3 * C5 )
G( 8,3l=( B20* CX + ((C3175. } * 2.) - B22"C5 I
G(7,3 |=(-BIG* C[ - B[O* C3 * 2. ÷B[4* C5 1

GI b,3)=( BII_ CI + ((SXDPLAI[O0.1 v C3) - BI3_ C5)

G(5_3 I=(-B5 * C[ - B4 SXDPI.A • C3 ÷* BB*C5 I
G( 4_3)=| B20v C]. + ||SXDPLA/75, ) wwC3 ) + B].q* C5 )

I._ G(3,3 )=( BI6* C1 + BIO* C3 * 2. +B9 * C-5--) .....G|I6,41=I-B29* Cl + l(C31900. I _w 2.) - B29w_ C5 )
GIlS,4)=I BIB* CI + ILC3/300.I • 2.) + B23'_ C5 )

I G(14,4)=l B23_ C1 + ((C3/300.) * 2.) + B18¢ C5 I

G{13,4I:I-BI3W El ÷ ((C31100.) * 2. }- BX3_ C5 }

GI12,4)=(-B2B_w C1 - B27. C3 * 2. + B26 * C5 I
GI]I,4|=I-BIB_ CI (ISXDPLA/300.1 • C3 I + BZt* C5 )

GIlO,4)-( B22_w CI - ((C3/75. ) * 2. | - B20_ C5 )

GI 9,41=| B13 * C1 - I(SXDPLA/[O0.1 * C3 ) - fill* C5 l

G(8,4 I=( B26. CI - B27, C3 * 2, - B28 * C5 I

G( 7,4|=(-B20" CI - ((C3175. ) * 2. I + B22" C5 )
G( 6,4|=( B2t* CI - I(SXDPLAI300.) * C3 l - BIB *C5I

G( 5,4)=(-Bll_'C1- I(SXDPLA/IO0.) * C3 I + BI3*C5 l

G(_,_ )=( B24_ CI * B25" C3 * 2. * B24 * C5 )

GIS,SI=G( l,.II
G I 0_5):-G(2_1)
G(7,5)= GI3,I)

Gl8_5 I=-G (4, X)

Gi6,6 I:G( 2,2|
G( 7,6 ):-G 13,21

G(@,6|= G(4,2)
G(7,7)= Gl3.3)
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G{8t7 )=-G{4,3)

G(8,8)= G(4,4}
G(9_9l= GIltl)

G(IQ,gI=G(2,1)

G{ 11,9_=-G[311)

G[12,g)=-G(4_I)

G(iO, IO|= GIZ,2I
GIll, IOI=-G{3,2I

G(12, I0}=-G{4,2)

G( II, Ill= G{3,3)
G( 12,11)= G{4,3|

G(12, 12)= G[4t4|

I

GII3t 13l=G{Itl}

G( 14, 13)=-G(2,I} _ __
G( 15t 13)=-G(3t I|

GCLO,[3!_ G(_,_!.I _ _ _
G( 14, Izo)= G12t2)

G[ISt 14)= G(3,2)

G(16tI4}=-G14,2}

G(i_,IS)= G!3,_3! .......
G(16t [5|=-G[4,3}

G_(_z6,;6!= G(4,4l ......
G(9,SI= G(13,1}

G(lOtSl:G(13t2)

I

G{IItS)=-G(13,3)

G (z2, s} =-Gt !3_,4) ........
G(gt6 }=G( 14, l)

G{IO_6)= Gll4t2l ........
G Illt 6)=-G(1413)

GII2,6}=-G(14,41

G(g,7I=-G{15, II

G(IO, Tl :-G( 15,21

G(lltT)= G( 15,3}

G( L2, 7)=G(15,4)

G(9,8 )=-G{ [6, [)

G( I0, 8 )=-G (16,2)

G( II, 8) =+G(16,3)

G(12,8)-- G(16t4)

G{13,5)= G(9,1}

G{ 14t 5}=-G{9_2} .................

G( 15, 5)=-G( 9t3}

G(16t5| = G(gt4)

GII3,61=-GIIOt I)

G{14,6)= G(IO, 2}
G(15,6)= G{lO,3}

GIL6,6)=-G{IO_4}

G{13, 7)=-G{ II,1)

G(I_,7)= G(II,2}

G(15,7)=+G(II,3)

G116,71=-G(II,4) ....
G( 13,8)= G(12,1}

G( 14, 8)=-G(12,2) __.
G ( 15,8)=-G(12,3)

G(l.6t8|= GllZv4}
G(13,9)= G{5tl}

..... G(14,9}= G(6:1) .....
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G 115, 9;=-G( 7, l )

G ( 16,9|T-_-G (8,__1 ;.............................
G([3,101: G(5,2)

GI14,10)-_G_6,Zl ...........................
G(15, I0)=-G(7,2)

G(16, 10)=-G{8,2)

G(13, ll)=-G(5,3)

G|I4, II)=-G16,3)

G(15, II_= G(7,3)

G{ 16._I!.)= G(@.3) ...................................................
G| 13, 12)=-G.{5,4)

G114_ 12)=-G_6,4)
G( 15, 12_= G(7,4)

G(16, 12}: _{_,4l

DO 210 J=l,16

DO 210 [=J,16
210 GlJ,l }=g(l,J}

245 DO 260 l=l,lb

Db 250 J=l,16
250 AKG( I,J}=GiI_.J)*DS

257 DO 350 =I,_:_ .....
DO 350 J=1,16

i 350 G(l,J)=O...................G-i__-2T-:---Cz, z5
_ _ G (3,2 )=-. I.*_C2+C4J ..........

G (3,3 )=-. 25.C4

G(4,1 )= ,.1_(C2+C4)

G(5,3)=-.5"C4
G(5,4}-_-.i_(C2"C_)

GI6o3)=G(4_I)
G (6,4 }=.O_C2+i 1.160. I*C4

G(O,6 )=-G(21,Z) ............

G(7,_ )=-G [_,3) ............
G(7_2 }=G(4,1}

G(7,61=G(3,21

G(l,l):-Gi3,3J

GI8,1 )=Gl 5,4)

G(8,2 |=-G |6,4_

Gi8,_ )=GI4:!}

G(9,2 )='.. 5'C. 2 ....

G(9,4}= b I,5,e)

G(_,_ i: _ 5.._,3.}_.........................................
GI9,_ )=G{4,1)

G( IO, 1) =-.GC?_LZ)-......................................
G(IO, 3I=GK4,1)

G|IO,5J= G(9,2)

GI I0,6) = -GIZ,2}

G{IO,7)= G(3,2)

GllO, I01= -Gl2,2)

GI II, 2I=G(4,1I
G (II, 4)-( 1.160. l*C2+-05"C4
G(ll,S)= -G(5,3)
G!II,6)= G{3,21
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G|I1, 7} = -G|3t3}

6(11,8)= -G(II,4) ...................
G(I1, IO)= G(3,2}

G([I, 11)=-G{3,3}

.......G{12, I)= G[5,4)

GII2,3)=-G(II_4)

G( i2, 5)=6(4,1)

G|L2,6)=-G(6,4]

G(12,?) = GILL,4)

G (12, B}:- {I ./l_ZO.)_(C2÷C4!
G[I2,g)=G[4,I)

G{ 13,2)=-G(9,2)

G[ 13,3)=-G(5,3)

G( 13, 4)=G14,!) ...........

G(13,6) = G(9t2}

G{13,8)= G{5,4.| .........

G( 13, ll): G(5,31

G( 13, 12)= G(5,4l

G[14, I)= G[9,2)

G{ 14,2) = G{2,2) __

G(14,3)= G[ 3,2)

G( 14, 4)=-G[ 6,4) ......................................

G(14,5)=-G{9,2)

G{ 14,7)=G[4,1}

G{ 14, II)=G[4,1)

I

..................... i

!

I
G(14, 12)= G{6,4)

G|I4, 14)= G(2,2)

G(15, I)= G(5,3)

G| 15,2}= G(3,2)

G{15,3) = G[3,3)

G{15,4)=-G([I,4)

G{ 15,6)=G[4,1)

G(15,8)= G|II,4)

G( 15,9)=-G(5,3)

O(15, IO)=G(4,1)

G( 15_ 14)= G(3,2}
G[15, 15)= G(3,3)

G( 16, I)=G[4,1)

G( Ib,2)= G{6,4)

G (16, 3)=G{ !!,4)_ _
G( 16,4):-G{12,8}

G(16e5)= G[5v4)

G [lb, 7} =-G( I 1,41

G{16,9)= G(5_4)
G(16, I0}=-G[6,4)

G(I6, 13)= G[4_!) ....

DO 360 I=I,16

DO 360 J=I,16

360 GII,J}=G[J,I)

DO 320 I=1,16

DO 320 J=l,16

320 AKG[ I ,J}=AKG( I,JI+DS_'G[ I_;J}____

25b CONTINUE

RETURN

END
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DETERMINANT PROGRAM I

SUgP, ULI INF MSTIF

COMMLJN JI ,JT,X,Y,JI I ,NbNO,LOCOL,G,C,AA

CUMMLiN AD_BC_AKG_LINvE,I4,ES,IM,NJTStANU

CGMML:N KLU,SX,DSX,SXMAX,SY,DSY,SYMAX,SXY,KLU4

C[;MM(;N OSXYwSXYMAXtRSr_tN_OtS7TJDtPXtPYr PXY

C UMMLIN APH,BTA,GAM, EN

DI,vFNSION JI(_},JT(65) ,X(65).,Y(O5),JII(50,4)

DIM_NSIL]N NBND(65,4),AD(3},BD(3),JDI4),LOCOL(16)

C

I)IF_LN

L)I _'L N

DI,_FK

TALL[

DG 20

D¼ 12

IF(JT

12 CC_TI

WRITE

CALL

16 F_RM_

SIdN G(IO_I6)vC(125 _ 125)IAA(4t3)tAKG(I6, 16)
SIGN RS( IZb| ,(Q(L2 b) ,PX(50) ,PY(50) ,PXY(50)

_ILN l)Sp_{50)tDSY(50) tDSXY(50)
LOOKUP FOLLOWS

K = I_LIN

I = I,NJIS

(l)-JII( IM_K)) 12,_tG_12

NUE

EXIT

T (18H NO VALUE IN TABLE}

lq AAIK, I) = X(I)

AA(K, 2) = Y(1)

20 C CI\T I tNUE

23 DO __5 l
AC(1)

2b BC( I )

ALl2

ALl3

= AA(2,1) - AA(I,I)

= AA(3,1) - AA(Ivl)

= (AOII)##2+AO(2)*_2+AO(3)*_2)**.5

A:ALI2

b:At 1 3

A B:A_- B

AOE:AIB

ACE2= AOI3_ _2

AOE3= I./AOB2

BCA=I31A

DO 26(] I=I,16

DO 260 J=l_lo
200 GII,J)=O.O

DI=IB72.

D2=156.

D3=208.
ill

D_=264.

D5=22.

D6=48.

D7=88./3.
D8=4.

D9=16-/3.
O10=52.

D11=22./3.

Dl2=q .13.

D13=6z,8.

D14=54.

D15=13,
D16=72.

D17=52./3.

i i i I. lJ

i _ _ :.

,,w.
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DIH=36.

.. l]2O=l _.

t)Zi=13,/3.

D22=1.

IF{KLL4} 41,40,41

40 S X=APH*ULIA*EN

SY=t_I ,A*_uB*EN

G[J [0 28b,

41 SX=PX (I_)*BCA

SY=PY( IMI*ACB

2_5 (;IL,1 )=$x * Dt + _Y * 01.
u{.?, I )=SX * D2 + SY * D4

bl._,2___X * 03 + SY * D6

G(3,1 )=bX * D4 + SY * 02

___G_{],2 )=SX * D5 + SY * D5
G(3,3 )=SX * D6 + SY * D]

Gl'_t[ }=SX * D5 + SY * 05

G(4,2 )=SX * D7 + SY * D8

G(4,3__=+SX*O8+ SY*D7
G(4,4 )=SX * D9 + SY * D9

O(5,1 )=SX*(-DI)+ SY * DI3

G(5,2 }=SX_i-D2)+ SY * D2

G(6,3 )=SX*{-D4)+ SY * Q[4
[,(5,4 )=SX_(-DS}÷ SY * D[5

G(_ILI_=SX * D2 + SY _(-D2)

G{o ,2 )=SX*(-DIO)÷SY *(-DIS)

O{O ,3 )=_X * O r•̀ + SY ',_{-O15)

L,(C ,_ )=SX*I-DII)+SY *(-Olg)

G( I , t )=SX*l-L)4}÷ _,y :;_ 014
G 7 ,2 )=SX*I-DS)+ SY * D15

__ _( I ,3 )=SXC,(-Do)+ SY * 016

G 7 ,4 )=SX*(-DS)+ SY * D17

._{._ , | )=SX * D5 ÷ SY *(-OlS)

G(_, 2 |=SX*(-DI])÷ SY*(-DIg|

O(d ,3 )=SX * I_U + SY x-(-DIT)

t, d ,q J=SX*I-DL2)+SY _(-L)8}

'_ , I }=SX * Ot._+ SY_*(-DI}

L, 'Q ,2 )=SX * Dr4+ SY *(-D4)

C 9 ,& I____D____+__S_Y__)_ -i_021_

G _J ,4 )=SX * D]5_" SY *(-D5}

r;( 1( • I )=SX _: DI4+ sy _'(-L)4)
(, iV,2 }=.SX * Dlo+ SY ','l-D6}

_ (; IL)t 3._)=5_X * DIS+ _Y .*(_.__
(5 10,4 )=SX * DI?+ SY *{-O8}

L_(11_, L__-- )C*_(___SY * D2

GIll,2 )=SX_(-DIS|÷SY # D5

C,(l{)3 )=.%X._:I-DIS)+SY x:{-DIO)

G{ ll,q ):SX",:{-t)IgI+sY *(-DII)

(3 ( 12. I )=.5Xx!(..-A_]./_._S._Z__ O.5 ...............................
(;(12,2 )=SX_(-DI-/)+SY * D8

G(I_,J |:SX*]-DIgI÷SY *(-DIIL__

0(12,,I )=bX*(-OH)+ SY _{-UI2)

G(I__, / )=SX*(-DI3I÷SY *(- DI3I
G(13,/ )=3X*(-DI4I+SY *{-I)2)

(5( l/I__? )=%XV(-b2)+ SY *(-Of4)
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Ol 13,4l =-SX*DI5-SY*DI5

{,(14_ I l=SX * D14 + SY * D2

G(14,2 )=SXX:(-D20)+ SY * DIS
G(14,3 )=SX * D15 + SY * DI5

G(14,4)=-SX*D21-SY*OI9

GJ]S)_ )=SX * 02 + _Y * DI4
Glib,2 )=SX * DI5 + SY * DI5

G(15,3 )=SX * DI8 + SY *I'-D-20)

O(l<J,4 )=SX * DIg + SY *[-D21I

G(Io, l )=SX*(-DI5)+ SY *(-DI5)

G(I_,2 }=SX * D?l.+ SY *(-019)

_,(L__T3 )=_X*(-DI, g)+ SY *D_I

G(I_,4 )=SX * D22 + SY * D22

6(6,5 )=G( I, I)

0(_,,5 )=-G(L., I)

G(7,5)= G( i:i,l )

G (8,S)=-G (4, I}

G((>tO )=6(2t2)

(;(7,_)=-G(3,2)

G(_,O]= G(4,2)

G(7,7)= G(3,3)

G ( _,7 )=-G [4)3)

G (_I,8)= G(4,4)

G(IO,g)=G(2, l)

G( II,9)=-G(3tI}

G(12, g)=-G{4,1)

C,( IO_ IO}= G(2t2)

G(11, IO)=-G(_,2)

G(12, lO):-G(ztt2 )
O(ll, Ii)= G(3,31

G(I?_,II) = 0{4)3)

G(IZ, 12) = G(4,4)

G(I3) 13)=GIItl)

G(14, 13)=-G(2,1)

Q ( },5, },3)=-Q(3, I _
GIlO, 13)= G{4,1)

G(14) 14)= G{Zt2)

G(15, 14}= G[3,2)

G{ lot 14)=-G(4)2)

G(15, 15}= G(3,3)

G{ 16 t 15)=-G{4t 3)
G( I(.',,16)= G[4,4)

G(9,5)= G{IBtl)

G(l(), 5)=G(i3,2)

G(II, 5|=-G(13,3)

G(12,5)=-G(13,4}

glg,_.l=O(t4,1)
G(I0,6)= G(14,2)

G{II,0I=-G{ 14,3)

G(12,6)=-G(14,4)

G(g,7|=-G(15,1.)

G(IO, 7)=-Gllb,2)

G(ll)7_ = G(15t3)

{;{ 12, 7}=G{ 15,4)

G(G,8 )=-O( 16T I)
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G (iO, 8) =-G(I_,Z)

GJ_3__ 8 )=+G( 16, 3)

GII/,_}-- G(16,4)

G(I_,6) = G(9,_)

G(14,5)=--6(9,2)
G(lb, 51=-619,31

G(It?, b)= G(9,4)

G (_1_o) =-G( lOt I )

G(14,0)= G(IO,2)

G| I_5,_)= GllOt3)
G(IO,O|=-G(IO,4)

G( ]3, ?l =-G(I I, I _

_(14,7}= G(II,2}

_(15,7)=+G(II,3)

d(16, 1) =-O( ll,4)

(; (13,_8) = C(12,1)
G ( 14, _) =-G( 17,2 )

G( 15, _;_:-G( 12,3_
G(Ib,_)= G(IZ,4)

_113,_)= O(5,1)
G( 14,9)= G(6,1)

C,( 15, _-G |7, I )

G( Io, _) =-G( 8, I )

G(13, I0)= G(St?_

LJ(14, IO)= G(0,2)

G ( I ':), ! .1-_D_( I, 2 )

_iI13, II)=-L:_(5,3)

L_(I_, Ii|=-G(O,3)

(,1 lb, II)= G(IT_ )
(.,(1_,, 11): L,('J,3)

_!13, I__)--t_{5,4)

C3( 14, IZ I=-G(6,4)

_(tb, I_)= 0(7,4) .......
G(I_', I_)= O(c_,4)

l)C'J 2IC 1:1,1o

L)L. _7C: J=l,lo

[)J 31,) I=1,16
___d 31J__J=l. I_

310 AKG([ ,J)= G(I,J)/4200.

IF(_LL4) zt/.43.4P

43 S XY=G AM_:N

42 SXY=PXYII_I

44 C _i'_I]._LLL_

I _-(SX Y )3(), )1, i)0

30 DU 33C I=l,/O

f)C 3JU J=l,16

____L'L_ i I ,_ }=___0

G(I,I)= .5

G._(312_I= .02

G(4,I }=-.02

(',(5._I )= .1

1

I

I

i

........

G(b,4)= .02

G(5,5)=-.5
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G(6,3 l=-.02

(; [_=-( 1./300. I
G(7,1 )=-.1

_ __(zlE_t_2 ) =-. 02
G(7,b)= .02

G(B.I)= .OZ

G(Q,2 )=-G (6,4)

(;(8,5i=-.02

G{9,2 )=.1

G(9_4}=.02
(%('_,5 }: .5

G(9,7)= .I

G(_TS}=-.02

Glq,9)=-.5

G{IO, l)=-.l

G(IO, 3)=-.02

_I_o,_)= .I
G ( it, 6} =- ( 1./00. }

G(IOt 7}= .02
G(lO,S)= GIo,4}

G(11_2)=-.02
G[II,4_= G(6,4}

G(ll,bj= -,I

O(II,6)= .02

G(II_7)=G{10,6|

G( II, 8}=-G(6,4}

GIll, I0)= .02

G(12, I)= .02

GI 12T 3}=-G|6t4|
G(12, 5)=-.02

G( 12,6)=-G |6_4)

G(12,7)= G|6,4)

G(12,8}= l./t_O0.

G(12, 9)=-.02

G(13, 1)=-.5
G(13,2)=-.I

G(13_3)=-.1
G{13,41=-.02

G(13,6)=.I

G(13,b)= .02

G{IB, It)= .I
C{13, 12)= .C2

G{I3, 13}= .5

G(14, 1}= .l
G(14,2}=-C{10,6)

G{14,3)= .02

G{ 14,4)=-(j|OT4)
G{14, b}=-.I

G( IZt, 7 )=-.132

G(14, 11)=-.02

G(14_ t2}= G(OT4}

G(I5, I)= .I

G{ 15, 3}=-O( 10,6}

G(15_4)=-G(6_4)

I •
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G( 15, 6)=-.U2

G(15,_) = 8(0,4)

G(15t_}=-.1
G(lb, IU)=-. 02

G([5, 14) = .02

G(16, 1)=-.02

G(16,2)= G(b,4)

(.;(16,3)= (.;(6,4)

G( 16, 4)=-G[ 12,8)

('( L(,, 7)=-Gio,41

(_(I_, _) = ._?

G[ I_,, IU)=-G[6,4}

__( to. [ _ )=-. 02

DC 36C l=l,lh

DU 3o0 J:l, 16

3bO ClI,J }=L_IJ,I)

p(; 32g I=I,16

DL; 52C J=}, 16

I
!

..........

32U A_L,( I TJ )=
31 _FTLIR h

AKG(ITJI+SXY*GII_J)
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DETERMTNANT PR(X_RAH

SUdRCUTINE STACR

CU_MCN J I, JT,X, Y ,Jr I,NBNO, LdCOL,G,C,AA

COMi_L'I AJ,13b,AKC-,LIt_,E,_I_EStIM,NJTS,ANU

CE]M_ICN KLUtSX,CS_,SXMAX, SY,DSY,SYMAX,SXY,KLU4

COMMI3N DSXY,SXYMAX,RS,C,NCI3tS/,JO,PXtPY, PXY
COMi4CN APH,BTA,GAM,EN

CIMEt_SIUN JI.(4l,JlleS) ,XI651,Y(_SI_JII(50,_l
, CIMEt_S IgN NBND{ _.=,4 |,AG(3} ,BD[ 3) tJD (4) _LOCUL (16}

CIMEI_SION G(IbtI6),C(125_I25"},AAIk,3},AKG(16t[6)

CIMEt_SION RS(125),C(125)TPXI5OI,PY(50I,PXY(50}
Ol MEteS IGN OSX( 50 l,USY(50) ,L)SXY (5.0)

CO I@ l=l, 16

LUCGL(1):O
IB CUNI INUE

CO I_ IA'=I,LIN

IO:dII( IMtIA}
CO 26 IB=l,4
IC='i_(IA-ll+IB

LdLL]L( IC}=NBND( IC, It_l
20 CGNTINUE

, Cd 21 L=I, 10
CU 21 J=l,lo

IF(LCCCL(J)) 21,21,22
22 [F(LL;.CI:L(1)) 21,2t,2_

23 KKC_=MAXC'( LEJCOL(I) ,LUCE]L(JI )

KCCL=.4II'_O(LUCOL{ {),LuCLLIJ})
C(KRC,_,KCULI=C(K_RC_,KCCLI+AKG( I,Jl

2 l CL_NT INUE

RETURN
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FUNCIION IMEC_F ( IVIJ,M ,i_,A ,Y,DO, SCAL E)

C THIS FORIRAN 4 PROGRAM 56LVI-S A/_ = Y BY TRIANGULAR DECCMPOSITIUN.

•DIMENSION AI Mlg, I) ,Y(M IU,I }, SCALE(I)

OJUBLE PRECISICN SL,M

CAIA rUL /5.c_6C4_.,5E-8/

CAfA-EXCLSS,LAR_E 11.,lJ42i7728/

E_UI _t_LENCE IX , .i,x,t , ( KX ,i: XCES S) , ( LARGE, 6I G) , (KAY ,CHEI

INTEGER SPILL

CO_ML._ /CI_UOLE/ KEY,KAYt_ /UVPLOW/ SPILL

C SET OVERFLOW INOZCATc,,c.

CALL TAMPER

KAY = 0

C = i.

C SCALE SU EACH ROW A_C CL;L HAVL LARGEST ENTRY BETWEEN .5 AND I. IN MAG

CO 12) I = I,M

X = C.

gO IC:] J = 1,M

IOC X = _4AXI(X,ABS{A(I,J) ))

C PU_ER(Xi IS THE PUhEH OF 2 NEX| LARGER THAN X.

X : PO_,ER(X)

KAY = KAY + (IX-KA)/LAKL,_

X = I./ X

110 A( l,J| = A(I,J) _ X

BU 12.) J = I,N

12C Y(I,J) = Y(I,J) x* X

CO 149 J = I,M

X = C.

CO 13.) I = i,_

13C X = _:4AXI{X,A_3S(/_(I,JI)}

X = PUBER(X)

KAY = KAY + I IX-_XI/LA_E

x = i,/ X

SC_LF(J) = X

CO 14_ i = I,M

140 _( t,J} = A(I,J) • X

C MAJOR LooP. T_RIANGUL_,K O_LCv, Pd_IIIi3N _ITH O.P. ACCUM UF INNER PRODUCT

CO 31_ K : l,M

KI = K - I

X = C.

L = K

CO i_ _ I = K,M

_UM : _(I,K)
IF IKI) 15C,i55,1:_3

i5(] CJ I_,) J = I,KI

IoO SOM= SUM + AII,J)*AIJ,K)

_(l,K) = SUM

165 IF IX - AL_S(SU,V) ) 170,Id6,18'3

17L X = A65(SUM)

L : I

180 CCN [ I_UE " I i

C RU_ I_,_IERChANGES [U I4SURE LARL, E PIVOIS

IF (L - K) 1S,]',ZZ:,_,l£d
19C C = - I)

Cd ZCJ-J-=-I,M -

18_



X = ._(LvJ)
._(L,J) = A(K,J)

200 ,_(K,,J) = ×

CO 219 J = I,N

X = Y(L?J)
Y(L,J) ='Y(KyJ)

213 Y(K,J) = X

22C x =-._(K,K)

IF (P,- KI 2_0,2i5,23J

23G KO = r_ + I

O0 241 I : KO,M

24C A(I,K) = A(I,K) / X

IF (KI) Z5_),36C,25_

250 CO 27) L = _0,_,

SUI4 = A(K,E|

CU 280 J = I,KI

26G SUM = SUM + A(K,J|*A(J,L)

27C A(_,L) = SUM

275 EU 2c.j L = I,N

SU_ = Y(KpL)
CO 2_.) J = I,KI

280 SUM = SUM + A{K,J)*Y(J_L)

2_C Y(_,L) = SUM

C UNCULY SMALL PIVOT INOICAIES A iS SINGULAR

30.3 IF (A3S(X) .LE. luLl GC Tu 310
IME_F = 3

C 19 = }.

C = C.

GU TC 5_10

31.3 CCJ_TINUE

C _ACK 3CLUTION

I : iv

CJ 34J K=I,M

II = I + 1

CU 34J L=i,N

SOi,_ : Y(I,L)

IF ( II - M) 32,2_.23_346 .
32C CO J_.) J = Ii,_

330 SUM = SUd,i- A(I_J)*Y(JTL)
340. Y[ I,L) = SOi'l / All,i)

345 I = I-i

CO 3_) I = I,M

X : i./ SCALE(I)

CO 35) J : I,N

35C Y(I,J) = Y(ItJ) _ x

IM_QF = I

IF (SPILL .LE. I) GO TC 370

3_0 IMELQF = 2

376 SPILL = C

38C CLNFINUE

CO 41_] I = I,M
39(] T = C_A( I, I)

IF (SPILL) 4C5,413,4_6

40C _PILL = O.

X = FL]_ER(O)

D = C / X
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KAY = KAY + (IX-KK)/LAI<b_

G'J TC 390

41C D : 1

CL) : 2._X_'KAY '_ C ;x L]G

KEY : SPILL

500 CALL T.6MPI::k

_ETU_N

EN C
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